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1. 18F-FDG PET is valide en betrouwbaar toe te passen in de stadiëring van patiënten met een 
plaveiselcelcarcinoom van de mondholte en/of oropharynx. (dit proefschrift) 
2. 18F-FDG PET is onvoldoende geschikt voor het bevestigen van de NO hals. (dit proefschrift) 
3 "C-TYR PET is niet valide voor het aantonen van cervicate metastasen bij patiënten met 
plaveiselcelcarcinomen van de mondholte en/of oropharynx. (dit proefschrift) 
4. "F-FDG PET is, meer dan de reguliere poliklinische follow-up, geschikt voor het aantonen van 
recidieven en tweede primaire tumoren na de behandeling van plaveiselcelcarcinomen van de 
mondholte en/of oropharynx. (dit proefschrift) 
5. Een recidief is bij nader inzien vaak een niet eerder gedetecteerd residu. (dit proefschrift) 
6. De minimale rol die 18F-FDG PET in de landelijke richtlijn "Mondholte- en Oropharynxcarcinoom" 
heeft, geeft aan dat deze richtlijn aan herziening toe is. 
7. Het interpreteren van 18F-FDG PET beelden is niet zo zwart-wit als het lijkt. 
8. Dat in de oncologie metabole veranderingen op anatomische veranderingen vooruitlopen, zal voor 
nucleair geneeskundigen nog wel enige tijd "ik zie, ik zie wat jij niet ziet" blijven en voor clinici en 
radiologen "eerst zien, dan geloven". 
9. In de complexe Organisatie van de medische zorg geldt meer dan ooit: communicore necesse est. 
(vrij naar Pompeius) 
10. Zoals het bekend maken van voorlopige resultaten de uitkomst van een onderzoek kan beïnvloeden, 
leidt het frequent peilen van opinies voorafgaande aan verkiezingen gemakkelijk tot manipulatie van 
de verkiezingsuitslag. 
11. "Ik heb niets te verbergen en daarom niets te vrezen" is een naïef argument om de bedreiging van 
de privacy te gedogen, dat bovendien voorbij gaat aan het publieke belang. 
12. De moeite die het heeft gekost om mijn gezin te laten uitschrijven uit het veelbelovende EPD, 
voorspelt weinig goeds over de toekomstige efficiëntie van dit project. 
13. De kracht van het placebo-effect manifesteert zich al op de peuterleeftijd met "kusje op, over!" 
14. Nuclear medicine is door de komst van hybride SPECT/CT en PET/CT minder "unclear medicine"  aan 
het worden. 
Groningen, 6 oktober 2010 
Christiaan Krabbe 
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Clinical stage 
0 Tis, NO, MO 
Ti, NO, MO 
II 12, NO, MO 
Ill T3, NO, MO; T1-3,N1,MO 
IV T4, NO-1, MO; any l N2-3, MO; any T, and N, Mi  
the regional cervical metastasis and is 
uniform for all primary sites. M is a deter-
mination for distant metastasis. Together, 
the T and N classifications determine 
the overall clinical stage (I, II, Ill, or IV) 
for most patients (Table 1). Early and 
advanced HNSCC is similarly used as 
HNSCC stage I-Il and 111-1V, respectively. 
HNSCC metastasizes to the neck according 
to a rather predictable route via cervical 
lymph nodes. The knowledge of these 
patterns is important for the clinical 
management. A nomenclature system has 
been developed to describe the topog-
raphy of cervical metastasis and to clas-
sify neck dissections (figure 1). 17 




Figure I. Distribution of the cervical lymph nodes by 
the 6 levels and the 6 sublevels.' 
Head and neck squamous cell carcinoma 
Head and neck oncology covers all tumors in the area above the clavicles with exclusion of 
tumors of skin, central nervous system and orbits. By definition, malignant head and neck 
tumors are a heterogeneous group of cancers of which head and neck squamous cell carci-
noma (HNSCC) of the upper aerodigestive tract counts for the majority, including the paranasal 
sinuses, nasal cavity, oral cavity, pharynx, and larynx. In the Netherlands oral and oropharyn-
geal squamous cell carcinoma (OOSCC) accounts for 0.9% and 0.5% of all new cancers yearly.' 
Although tumor characteristics between different HNSCC differ, conformity in etiology, behav-
iour, diagnosis and treatment exists. 
Most HNSCC occurs in patients over 45 years of age and there is a large male-to-female 
predominance.' HNSCC has a strong potential for metastatic spread to cervical lymph nodes.' 
More rarely, but still in 5-15% of cases, distant haematogenic metastases develop, mainly in 
lung, bone or liver .45 Tobacco and alcohol are the most important risk factors for developing 
HNSCC.6'7 Because mucosal surfaces in the upper aerodigestive tract, lungs, and esophagus are 
exposed to the same carcinogens, multiple anatomical sites may be at risk for the simultaneous 
or sequential development of dysplastic and malignant lesions.8 This large field carcinogenesis 
is reflected clinically by a high incidence of second primary tumors in the head and neck, lung, 
or esophagus, ranging from 5 to 27%.912 
Symbol Meaning 
TX Primary tumor is not assessed 
TO No evidence of primary tumor 
Tis Carcinoma in situ 
Ti Tumor s2 cm in greatest dimension 
12 Tumor 2 cm, but s4cm 
T3 Tumor '4cm 
T4 Tumor invades adjacent structures 
NX Regional lymph nodes are not assessed 
NO No regional lymph node metastases 
Ni  Metastasis to a single ipsilateral lymph nodes 3 cm 
N2a Metastasis to a single ipsilateral lymph node ' 3 cm, but 6 cm 
N2b Metastases to multiple ipsilateral lymph nodes 6 cm 
112c Metastases to bilateral or contralateral lymph nodes < 6 cm 
N3 Metastasis to a lymph node > 6 cm 
MX Presence of distant metastases is not assessed 
MO No evidence of distant metastases 
Mi  Distant metastases 
For most early stage HNSCC high cure rates are achieved with either radical surgery or radio-
therapy. Locoregionally advanced, resectable HNSCC is treated with multimodality therapy 
consisting of either surgery followed by post-operative (chemo)radiation, or (chemo) radiation 
with surgical salvage, if needed. When distant metastases are present, curative treatment 
is no longer achievable.' Due to the complexity of the diagnosing and treatment of HNSCC, 
multidisciplinary centers with expertise in head and neck surgery, imaging, pathology, radiation 
oncology, medical oncology, dentistry, speech pathology, rehabilitation, nutrition, and psycho-
social support deliver the optimal treatment. 
Locoregional persistent or recurrent disease is most likely the cause of death after treatment 
with curative intent. Also, the risk of developing second primary tumors compromises survival 
in HNSCC patients. One of the main key points for follow-up of HNSCC patients after curative 
treatment is detection of recurrences and second primary tumors. 
Staging of HNSCC 
The most important indicator of the prognosis of the patient with HNSCC is the clinical stage 
of the disease at the time of diagnosis.1314 The prognosis of early HNSCC is by far better than 
advanced HNSCC with 5 year survival rates of 65-80% and 10-40%, respectively.15 Once a metas-
tasis to cervical nodes has occurred, the 5-year survival rate is reduced approximately by half. 
The risk of distant metastases correlates with the nodal stage: the risk is less than 10 percent 
with NO or Ni disease and 30 percent or more with N2 or N3 disease for some primary sites. 
The clinical stage of HNSCC determines treatment strategies and prognosis. The TNM (tumor, 
node, metastasis) classification is used to provide clinical uniformity for staging tumors.15 The  
tumorstage (T) has different specifications for each primary site of HNSCC. N is an estimation of 
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Chapter 1 Introduction 
Imaging of HNSCC 
Accurate staging of HNSCC is essential to plan adequate treatment. Besides physical examina-
tion, imaging has a prominent place in staging HNSCC to improve the accuracy. The goal of 
imaging in the staging of HNSCC is the assessment of the primary tumor, presence of cervical 
and distant metastases, second primary tumors and recurrences after treatment. 
Anatomy can be visualized by anatomical imaging techniques such as ultrasound (US), computed 
tomography (CT), and magnetic resonance (MRI). CT and MRI allow assessment of the extent 
of the primary tumor and the presence of neck nodal disease. One of these techniques is often 
used as a first-line imaging modality in staging HNSCC.189 Additionally, CT is very adequate 
in visualising the lungs for distant metastases or second primary tumors. US is mainly used to 
assess the presence of cervical metastases. 
The dilemma of these anatomic imaging techniques is the necessity for morphologic criteria 
to distinguish benign from malignant tissue. Recognition of malignancy may be difficult due 
to limited discrimination of tissue types. Owing to the lack of reliable morphologic criteria, 
anatomic imaging modalities rely mainly on node size for detection of metastatic neck disease. 
Although CT and MRI of the neck have proven to be superior to palpation in detecting cervical 
metastases, the overall error rate of assessing the presence of cervical metastases is high.2° US 
combined with fine-needle aspiration cytology (USgENAC) improves accuracy for the detection 
of cervical metastasis.19 
 For distant metastases or second primary tumors, besides the possible 
difficulty of tumor recognition by morphologic criteria, malignancy can be present outside 
the field of view of the anatomic imaging modality. Also, distinguishing tumor recurrence 
from surgical or radiation tissue distortions in the head and neck is challenging for anatomical 
imaging modalities. Consequently, other accurate imaging techniques are welcome. 
Positron Emission Tomography 
As opposed to anatomical imaging, functional imaging visualizes dynamical tissue character-
istics in vivo and is a method for detecting or measuring changes in metabolism, blood flow, 
regional biochemical composition, and absorption. By the use of pharmaceuticals labeled with 
radionuclides, i.e. radiopharmaceuticals (often called tracers'), nuclear medicine and molec-
ular imaging techniques are able to visualize biologically relevant molecules in physiologic 
quantities and tissues can be characterized in vivo. Positron Emission Tomography (PET) is a 
nuclear medicine technique with a relatively good spatial and temporal resolution and with a 
superior sensitivity. In contrast to traditional diagnostic nuclear medicine techniques, which 
use radioisotopes that decay by gamma emission, PET uses radionuclides that decay by the 
emission of positively charged particles (positrons). The positrons, which have the same mass as 
electrons but an opposite charge, travel short distances in tissue (range) before combining with 
a negatively charged electron, converting mass into energy (annihilation) and releasing two 
high energy (511 Key) photons (gamma rays), which are emitted at nearly 180 degrees to each 
other. The PET camera, that consists of a full ring of detectors, register only the simultaneously 
detected two photons (within 10 nanoseconds) on two opposite detectors. This is also known 
as coincidence detection. The camera is able to register the radiation from different angles, 
allowing establishment of the underlying distribution of radioactivity. By moving the bed, the 
whole body of the patient can be scanned to make a static whole body' scan (figure 2). 
Positron emitting radionuclides are generally produced by a bombardment of target materials 
with highly accelerated particles (deuterons or protons), using a cyclotron. Although a large 
number of positron emitters are known, the most frequently used radionuclides are 11C (11/2 = 20 
min), 13N (T½ = 10 min), 150  (T1½ = 2 min) and 18F (T½= 110 min). Different radionuclide labeled 
tracers can be used to measure different aspects of tissue function such as blood flow, oxygen 
utilization, protein synthesis and glucose consumption. The most widely successfully used PET 
tracer in oncology is 2-deoxy-2-[18F]-fluoro-D-glucose (18F-FDG). 18F-FDG is a glucose analogue 
administered intravenously and taken up by cancer cells through glucose transporters, predom-
inantly GLUT1 .Unlike normal glucose, however, 18F-FDG becomes trapped within the cell after 
undergoing phosphorylation by hexokinase, and is unable to proceed along the glycolytic or 
another metabolic pathway. The intracellular trapping of 5F-FDG allows cells with preferential 
uptake, such as cancer cells, to be imaged by PET. 21  
18FFDG PET has proven its usefulness for several indications in the staging of oncological 
patients.22 In HNSCC, 8F-FDG PET may benefet both staging and follow-up, providing an accu-
rate diagnosis and TNM stage for the cancer patient, allowing for individually tailored cancer 
treatment. 
Figure 2. Schematic view of PET as described in the text. Left: positron annihilation event. Middle: coincidence detection of 
oppositely directed gamma photons, making it possible to localize their source along a straight line of coincidence (line of 
response). Right: patients position inside the detector rings of the PET-scanner." 
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inantly GLUT1 .Unlike normal glucose, however, 18F-FDG becomes trapped within the cell after 
undergoing phosphorylation by hexokinase, and is unable to proceed along the glycolytic or 
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Scope of the thesis 
Although anatomical imaging is essential in staging and surveillance of HNSCC, there is still 
an urge for improvement. The scope of this thesis is to evaluate the value of the functional 
imaging modality 18F-FDG PET and its role in patients with HNSCC, in particular of the oral 
cavity and oropharynx, in initial staging (chapter 2.6) and in follow-up (chapter 7). 
Initial staging 
Evaluation of 18F-FDG PET scans is typically done by visual interpretation, which is prone to 
observer variation. To be effective as a primary imaging technique not only good sensitivi-
ties and specificities are required but also consistency of interpretations between the same 
observer at different times or between different observers is mandatory. Little is known about 
the inter- and intraobserver agreement of 18F-FDG PET images in HNSCC and more specifically 
in OOSCC. 
In chapter 2 the inter- and intraabserver agreement of the interpretations of 18F-FDG PET 
images in OOSCC will be evaluated. In addition, the influence of observer experience, tumor 
localizing, and tumor size on agreement as well as sensitivity and specificity will be analysed. 
Although CT and MR[ of the neck have proven to be superior to palpation in detecting cervical 
metastases, these modalities still have low accuracy for confirming the NO-neck. USgFNAC 
seems to be more accurate than CT and MRI in experienced hands, but its accuracy is still lower 
than desired. The management of patients with NO neck thus remains controversial. It has been 
suggested that 18F-FDG PET might be more accurate in identifying cervical lymph node metas-
tases in the NO neck because it is considered to be a more sensitive technique. 
In chapter 3 the diagnostic properties of F-FDG PET in patients with OOSCC staged as NO 
by physical examination will be analysed. 18F-FDG PET performance in these patients will be 
compared to CT, MRl, or US(gFNAC) performances. 
Patients with distant metastases are generally not considered curable and only palliative treat-
ment remains. Patients with a second primary tumor can be cured if both tumors can be treated 
with curative intent. Unfortunately, not infrequently distant metastases or second tumors are 
already present at diagnostic work-up, but were missed. In this respect, whole-body 8F-FDG 
PET with its relatively high sensitivity for all kinds of different histologic types of malignancy 
in any part of the body in a single diagnostic modality might be valuable in detecting distant 
metastases and second primary tumors in HNSCC. 
In chapter 4 the diagnostic properties of whole-body 18F-FDG PET in detecting distant metas-
tases and second primary tumors below clavicular level in HNSCC will be evaluated. 18F-FDG 
PET performance will be compared to chest CT and chest radiography (CXR) performances. 
Unfortunately, 18F-FDG is not a specific marker for cancer and many other normal tissues 
including the brain, active muscle, lymphoid tissue, and salivary glands demonstrate (normal) 
levels of 18F-FDG-uptake. Also, inflammatory processes show a high uptake.23 Radiolabeled 
amino acids were introduced as radiopharmaceuticals to provide an alternative to the subop-
timal specificity of 18F-FDG. A natural 11C radiolabeled amino acid, which has been shown to 
visualize primary tumors in head and neck and cervical metastases with high specificity and 
good sensitivity is L-1- [11C]-tyrosine (11C-TYR). 
In Chapter 5 diagnostic properties of "C-TYR PET in detecting cervical metastases in patients 
with OOSCC will be analysed. °C-TYR PET performance will be compared to 18F-FDG PET 
performance. 
A major drawback of 18F-FDG PET is its lack of anatomical detail. Anatomical imaging is limited to 
morphologic criteria, a circumstance that can be challenging because of the complex anatomy 
of the head and neck area. The limitations in separate anatomical and functional imaging may 
be compensated when both techniques are integrated: high resolution anatomical information 
with significant information to tissue characterization. The quality of the CT component would 
have to be equivalent to that of a dedicated fully optimized head and neck CT. 
In Chapter 6 the diagnostic properties of PET/contrast-enhanced CT as a one step examination 
in OOSCC will be analysed. 
Surveillance 
Recurrences of oral and oropharyngeal OOSCC after treatment are always life threatening, 
leading to death in the majority of patients. Besides recurrences, patients remain at risk 
of developing second primary tumors. Therefore, patients will stay in a thorough follow-up 
program to detect these recurrences and second primary tumors as early as possible. However, 
at the moment of detection of recurrent carcinoma it is often beyond the stage of salvation. 
In contrast to anatomical imaging techniques, lBFFDG PET, is not impaired by posttreatment 
anatomical changes. Several studies suggest that 18F-FDG PET is the most ideal diagnostic tool 
at the moment to detect recurrences and second primary tumors as early as possible. 
In Chapter 7 a study will be described with the purpose to detect early locoregional tumor 
recurrence, second primary tumors andl or distant metastases in a standard follow up protocol, 
using 1 F-FDG whole body PET in patients with OOSCC, who underwent initial curative therapy. 
8F-FDG PET performance will be compared to the regular follow-up. 
In Chapter 8 the findings of this thesis and future aspects are discussed. 
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The management of oral and oropharyngeal squamous cell carcinoma (SCC) varies according to 
the tumor size, infiltration of surrounding tissues, and the absence or presence of metastases. 
Staging the tumor correctly is essential to ensure that the patient is treated optimally with 
the least possible amount of treatment-related morbidity. Usually, staging of oral and oropha-
ryngeal SCC relies on clinical examination, computer tomography (CT), magnetic resonance 
imaging (MRI), and/or ultrasonography (US), with or without guided fine needle aspiration 
cytology.16 
Additionally, fluorine-18 fluorodeoxyglucose (18F-FDG) positron emission tomography (PET) 
has been shown to be an effective imaging technique in the diagnostic work-up of oral and 
oropharyngeal SCC, especially in detecting locoregional and distant metastases.79 Recently, 
the support for 8F-FDG PET as a primary imaging technique of oral and oropharyngeal SCC 
has grown considerably. The sensitivity and specificity of 18F-FDG PET were both shown to 
be comparable or superior to conventional imaging.1016 The advantage of 8F-FDG PET lies in 
its ability to assess both locoregional and distant metastases in a single functional imaging 
modality.  17  The greatest drawback of 8F-FDG PET is its lack of anatomic detail and its relatively 
low resolution.18 This drawback has been eliminated by the development of the combined PET! 
CT imaging technique, a technique that has become more or less the standard.19 
To be effective as a primary imaging technique, not only is good sensitivity and specificity 
required, but also consistency in the interpretations between the same observer at different 
times and between different observers is mandatory. This quality is independent of whether 
PET is used alone or combined with CT. In addition, it is important to know whether a certain 
level of expertise in evaluating 18F-FDG PET images for oral and oropharyngeal SCC is required 
to interpret the findings effectively and consistently. Surprisingly little is known about the 
inter- and intraobserver agreement of 18F-FDG PET images in head and neck SCC. Technological 
developments seem to develop more quickly than the evaluation of observer properties and 
their influence on the interpretations of 18F-FDG PET images. Therefore, the aim of the present 
study was to evaluate the inter- and intraobserver agreement of the interpretations of 18F-FDG 
PET images in oral and oropharyngeal SCC and to assess the influence of observer experience, 
tumor localizing and tumor size on the agreement and sensitivity and specificity. 
Patients and methods 
Patients 
The 18F-FDG PET scans of 80 patients (31 women and 49 men with a mean age of 61.3 years, 
SD 11.3) with newly diagnosed SCC of the oral cavity and/or oropharynx who had undergone 
18F-FDG PET from 1999 to 2004 were retrieved. In all patients, 18F-FDG PET scans were acquired 
for tumor staging before treatment. The diagnosis of SCC was confirmed histologically before 
18FFDG PET scanning. Of the 80 tumors, 62 were located in the oral cavity and 18 in the 
oropharynx. The T stage was determined from histologic findings. The N stage was also deter-
mined from the histologic findings when available (n=50 patients). If no neck dissection had 
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been performed, the N-stage was determined from the cytologic finding (n=10 patients) or, if 
also not available, the results of the diagnostic examinations (CT, MR[, US) and clinical follow-
up of at least 1.5 years (n=20 patients). In 39 patients, cervical metastases (stage N+) were 
present in 51 neck sides, no cervical metastases were found (stage NO) in the other 41 patients. 
In 23 patients (28 neck sides) the cervical metastases were diagnosed by histologic examina-
tion, in 5 patients (5 neck sides), the metastases were diagnosed by cytologic examination, 
and in 11 patients (18 neck sides) by the clinical findings. The TN classification of the tumors 
is listed in table 1. In 8 patients, a malignancy outside the head/ neck region was diagnosed: 
4 cases of lung carcinoma, 1 thyroid tumor, I skeletal and 1 infraclavicular metastasis, and 1 
esophagus carcinoma. 
Of the 80 patients, 56 were treated with primary surgery, of whom 38 received supplementary 
radiotherapy. A total of 68 neck dissections in 50 patients were performed, of which 39 were 
supraomohyoideal, 28 were modified and 1 was radical. A total of 19 patients were treated 
with primary radiotherapy, 7 of whom also received chemotherapy. On the neck sides without 
clinical evidence of cervical metastases but without cytologic or histologic findings obtained, 
no radiotherapy was applied. Finally, 5 patients received no therapy besides palliation. 
NO Ni N2 Total 
Ti 16 1 0 iT 
The scans were presented without the patient or medical information other than the diagnosis 
of SCC of the oral cavity or oropharyrix. All observers assessed all scans in random order twice, 
with a 3-week interval, resulting in a first and second data set for each observer. For the second 
assessment, the results of the first assessment were not shown. The 18F-FDG PET-scan interpre-
tation was by visual assessment. The primary tumor and the presence of cervical metastases 
and distant malignancy were assessed. The observers were asked to identify and Localize an 
eventual abnormally increased 10E-FDG uptake using a standard scoring form. The abnormally 
increased 8F-FDG uptake was graded on a 5-point scale: definitely benign, probably benign, 
equivocal, probably malignant and definitely malignant. For data analysis, the results of the 
observers given in the 5-point scale were dichotomized. The results for definitely benign and 
probably benign were considered negative for malignancy, and the results for equivocal, prob-
ably malignant, and definitely malignant were considered positive for malignancy. 
Statistical analysis 
Inter- and intraobserver agreement 
The inter- and intraobserver agreement was calculated by comparing the dichotomized results 
of the 4 observers for detecting the primary tumor, cervical metastases per neck side, and 
distant malignancy. The inter- and intraobserver agreement was calculated using the absolute 
agreement and Cohen's kappa (K). The absolute agreement is the ratio of the findings in which 
agreement exists with the total findings. Cohen's K IS the ratio between chance-corrected 
observed agreement and chance-corrected perfect agreement. Interpretations of the K values 
T2 11 4 4 ii were as follows: <0.21 indicated poor; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, good; 
T3 5 3 2 10 and >0.80 almost perfect agreement.20 Statistical analyses were performed using the Statistical 
T4 9 10 15 34 Package for Social Sciences, for Windows, statistical package, version 12.1 ( SPSS, Chicago, IL). 
Total 41 18 21 80 The first data set of dichotomized findings was used to calculate the interobserver agreement 
Presence or absence of nodular involvement determined by histologic examination (n=50), cytologic examination (n=lO), 
or clinical follow-up (n=20). 
• Two tumors were completely excised by excision biopsy before FDG PET scanning 
18F-FDG PET study 
All 80 patients underwent whole body 8F-FDG PET scans. The scans were performed on 1 of the 
2 cameras available: an ECAT 951 or an ECAT HR+ whole body camera (Siemens CII, Knoxville, 
TN). The ECAT HR+ device acquires 63 planes over 15.5 cm. The measured resolution of the 
system is 6-mm full width at half maximum, transaxially in the center of the field of view. The 
ECAT 951 acquires 31 planes over a 10.9 cm field, also with a resolution of 6-mm full width at 
half maximum. The patients fasted for at least 4 hours before being administered 8F-FDG. In all 
cases, 10E-FDG was injected intravenously 90 minutes before the onset of scanning. 
Study design 
The 80 18F-FDG PET scans were reassessed by 4 independent observers: 2 experienced nuclear 
medicine physicians and 2 residents in nuclear medicine. The most experienced nuclear medi-
cine physician (nuclear medicine physician I) had 15 years of experience evaluating 8F-FDG 
PET scans for head and neck cancer, the other nuclear medicine physician (nuclear medicine 
physician II) had 5 years of experience. Resident I was about to finish the 4-year residency, and 
resident II was approximately halfway through it. 
between the 2 nuclear medicine physicians and between the 2 residents. The first and second 
data set of dichotomized findings of each observer were used to calculate the intraobserver 
agreement of all observers. To analyze whether the experience of the observers influenced 
the agreement, the inter- and intraobserver agreement were compared using 95% confidence 
interval analysis.21  If no overlap in the 95% intervals was found, differences in agreement were 
considered significant. 
Influence tumor localization and tumor size 
Determining the location of the primary tumor and any cervical metastases by the observers 
was studied to analyse the influence of tumor localization on the interobserver agreement 
between the nuclear medicine physicians. The influence of tumor size was also analysed. The 
tumor size was determined from the pathologic findings when available or the radioLogic results 
(CT, MR[ or US) when not available. Also, the effect of tumor size on the sensitivity of the 
nuclear medicine physicians' findings was analyzed. 
Sensitivity and specificity 
To examine whether the results in our study were valid, the sensitivity and specificity were 
calculated. The first data set of dichotomized findings of the 4 observers was used to calcu-
late the sensitivity and specificity of the 8F-FDG PET-scan interpretations using the obtained 
histologic specimens, cytologic findings, or results from follow-up. To analyze the influence of 
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been performed, the N-stage was determined from the cytologic finding (n=10 patients) or, if 
also not available, the results of the diagnostic examinations (CT, MR[, US) and clinical follow-
up of at least 1.5 years (n=20 patients). In 39 patients, cervical metastases (stage N+) were 
present in 51 neck sides, no cervical metastases were found (stage NO) in the other 41 patients. 
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supraomohyoideal, 28 were modified and 1 was radical. A total of 19 patients were treated 
with primary radiotherapy, 7 of whom also received chemotherapy. On the neck sides without 
clinical evidence of cervical metastases but without cytologic or histologic findings obtained, 
no radiotherapy was applied. Finally, 5 patients received no therapy besides palliation. 
NO Ni N2 Total 
Ti 16 1 0 iT 
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of the 4 observers for detecting the primary tumor, cervical metastases per neck side, and 
distant malignancy. The inter- and intraobserver agreement was calculated using the absolute 
agreement and Cohen's kappa (K). The absolute agreement is the ratio of the findings in which 
agreement exists with the total findings. Cohen's K IS the ratio between chance-corrected 
observed agreement and chance-corrected perfect agreement. Interpretations of the K values 
T2 11 4 4 ii were as follows: <0.21 indicated poor; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, good; 
T3 5 3 2 10 and >0.80 almost perfect agreement.20 Statistical analyses were performed using the Statistical 
T4 9 10 15 34 Package for Social Sciences, for Windows, statistical package, version 12.1 ( SPSS, Chicago, IL). 
Total 41 18 21 80 The first data set of dichotomized findings was used to calculate the interobserver agreement 
Presence or absence of nodular involvement determined by histologic examination (n=50), cytologic examination (n=lO), 
or clinical follow-up (n=20). 
• Two tumors were completely excised by excision biopsy before FDG PET scanning 
18F-FDG PET study 
All 80 patients underwent whole body 8F-FDG PET scans. The scans were performed on 1 of the 
2 cameras available: an ECAT 951 or an ECAT HR+ whole body camera (Siemens CII, Knoxville, 
TN). The ECAT HR+ device acquires 63 planes over 15.5 cm. The measured resolution of the 
system is 6-mm full width at half maximum, transaxially in the center of the field of view. The 
ECAT 951 acquires 31 planes over a 10.9 cm field, also with a resolution of 6-mm full width at 
half maximum. The patients fasted for at least 4 hours before being administered 8F-FDG. In all 
cases, 10E-FDG was injected intravenously 90 minutes before the onset of scanning. 
Study design 
The 80 18F-FDG PET scans were reassessed by 4 independent observers: 2 experienced nuclear 
medicine physicians and 2 residents in nuclear medicine. The most experienced nuclear medi-
cine physician (nuclear medicine physician I) had 15 years of experience evaluating 8F-FDG 
PET scans for head and neck cancer, the other nuclear medicine physician (nuclear medicine 
physician II) had 5 years of experience. Resident I was about to finish the 4-year residency, and 
resident II was approximately halfway through it. 
between the 2 nuclear medicine physicians and between the 2 residents. The first and second 
data set of dichotomized findings of each observer were used to calculate the intraobserver 
agreement of all observers. To analyze whether the experience of the observers influenced 
the agreement, the inter- and intraobserver agreement were compared using 95% confidence 
interval analysis.21  If no overlap in the 95% intervals was found, differences in agreement were 
considered significant. 
Influence tumor localization and tumor size 
Determining the location of the primary tumor and any cervical metastases by the observers 
was studied to analyse the influence of tumor localization on the interobserver agreement 
between the nuclear medicine physicians. The influence of tumor size was also analysed. The 
tumor size was determined from the pathologic findings when available or the radioLogic results 
(CT, MR[ or US) when not available. Also, the effect of tumor size on the sensitivity of the 
nuclear medicine physicians' findings was analyzed. 
Sensitivity and specificity 
To examine whether the results in our study were valid, the sensitivity and specificity were 
calculated. The first data set of dichotomized findings of the 4 observers was used to calcu-
late the sensitivity and specificity of the 8F-FDG PET-scan interpretations using the obtained 
histologic specimens, cytologic findings, or results from follow-up. To analyze the influence of 
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the experience of the observers on the diagnostic properties, the sensitivity and specificity of 
the observers were compared using 95 % confidence interval analysis.21  If no overlap in the 95% 
intervals was found, the differences in sensitivity and specificity were considered significant. 
Results 
I [Ii 
The results of the inter- and intraobserver agreement of the 4 observers for detecting the 
primary tumor, cervical metastases per neck side and distant malignancy are summarized in 
table 2. The interobserver agreement between the nuclear medicine physicians was greater 
than the interobserver agreement between the residents, but no significant differences were 
found other than for detecting cervical metastases (table 2). The intraobserver agreement of 
the nuclear medicine physicians was, in general, greater than the intraobserver agreement of 
the residents for detecting malignancy; however, only 1 significant difference was found (table 
2). Moreover, for all 4 observers, the intraobserver agreement was generally greater than the 
interobserver agreement. Two different PET cameras were used in this study. However, no 
difference in performance between the two cameras was found. 
Interobserver agreement Intra-observer agreement 
NMPI-NMPII RI - RII NMPI NMPII RI Rll 
p0 a p0 K p, K p0 1< p1 a p, K 
Primary tumor 0.91 0.58 0.76 0.29 0.90 0.54 0.94 0.58 0.91 0.19 0.85 0.64 
Cervical metastases 0.94 0.83' 0.86 0.54' 0.94 0.83 0.94 0.86 0.93 0.81 0.93 0.71 
Distant metastases/ 
Second primary tumor 0.85 0.53 0.78 0.26 0.951 0.84 0.88 0.66 0.797 0.52 0.94 0.42 
Abbreviations: NMPI, nuclear medicine physician I; NMPII, nuclear medicine physician II; RI, resident I; RI), resident II; 
P absolute agreement; K, Cohen's kappa. 
significant difference between a-values of NMPs and residents. 
significant difference between P 'S of NMPI and RI. 
Influence of tumor localization and tumor size 
The interobserver agreements between the 2 nuclear medicine physicians decreased when 
more precise localization was required (table 3). The K and absolute agreement of the location 
of the primary tumor decreased when attempting to localize the primary tumor in the oral 
cavity or oropharynx. When attempting to localize the cervical metastases in the separate 
nodal levels in the neck, the K decreased for all levels. Only in level I did the interobserver 
agreement show a high K (0.76). The absolute interobserver agreement remained high (A6%) 
when the level of localization was taken into account. For level V, no K could be calculated, 
because the metastases were only found in this level by 1 observer. 
- 
- .. 
Primary tumor 0.91 0.58 
Oral cavity 0.76 0.44 
Oropharynx 0.75 0.21 
Cervical metastases 0.94 0.83 
Level I 0.98 0.76 
Level)) 0.89 0.51 
Level III 0.86 -0.06 
Levelly 0.95 0.53 
Level 0.94 - 
Abbreviations as in Table 2. 
* For easy comparison, p0 and ie values from table 2 included. 
The influence of tumor size on interobserver agreements is presented in table 4. In 2 patients, 
the primary tumor had already been completely removed before 18F-FDG PET scanning. In 7 of 
78 scans, the nuclear medicine physicians did not agree on the presence of the primary tumor. 
In 6 of these 7 scans, the primary tumor was classified as stage Ti with a maximal diameter of 
20 mm and an invasion depth of 5 mm. In one scan, the primary tumor was classified as stage 
T2 with a maximal diameter of 31 mm and an invasion depth of 4 mm. 
No influence from the size of the cervical metastases on interobserver agreement was found. 
Only in I of the 10 neck sides in which disagreement existed was a cervical metastasis present. 
This lymph node was 25 mm. 
The sensitivities of the nuclear medicine physicians for the primary tumor and cervical metas-
tases categorized by tumor size are also listed in table 4. The sensitivity increased with 
increased tumor size. 
Primary tumor 
Ti T2 T3-T4 
Agreement NMPI-NMP)I 607 (9/15) 95', (18/19) 100', (44/44) 
Sensitivity NMPI 60,18/151 89% (17/19) 100% (44/44) 
Sensitivity 9MPH 67', (10/15) 95% (18/19) 100', (44/44) 
Cervical metastases 
c5mni 5-clOmm '10mm 
Agreement NMPI-NMPII 100, (14/14) 100', (7/7) 96', (29/30) 
Sensitivity NMPI 14% (2/14) 28% (2/7) 87% (27/30) 
Sensitivity NMP II 14% (2/14) 28% (2/7) 935' (28/30) 
Abbrevbiotions as in Table 2. 
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the experience of the observers on the diagnostic properties, the sensitivity and specificity of 
the observers were compared using 95 % confidence interval analysis.21  If no overlap in the 95% 
intervals was found, the differences in sensitivity and specificity were considered significant. 
Results 
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The results of the inter- and intraobserver agreement of the 4 observers for detecting the 
primary tumor, cervical metastases per neck side and distant malignancy are summarized in 
table 2. The interobserver agreement between the nuclear medicine physicians was greater 
than the interobserver agreement between the residents, but no significant differences were 
found other than for detecting cervical metastases (table 2). The intraobserver agreement of 
the nuclear medicine physicians was, in general, greater than the intraobserver agreement of 
the residents for detecting malignancy; however, only 1 significant difference was found (table 
2). Moreover, for all 4 observers, the intraobserver agreement was generally greater than the 
interobserver agreement. Two different PET cameras were used in this study. However, no 
difference in performance between the two cameras was found. 
Interobserver agreement Intra-observer agreement 
NMPI-NMPII RI - RII NMPI NMPII RI Rll 
p0 a p0 K p, K p0 1< p1 a p, K 
Primary tumor 0.91 0.58 0.76 0.29 0.90 0.54 0.94 0.58 0.91 0.19 0.85 0.64 
Cervical metastases 0.94 0.83' 0.86 0.54' 0.94 0.83 0.94 0.86 0.93 0.81 0.93 0.71 
Distant metastases/ 
Second primary tumor 0.85 0.53 0.78 0.26 0.951 0.84 0.88 0.66 0.797 0.52 0.94 0.42 
Abbreviations: NMPI, nuclear medicine physician I; NMPII, nuclear medicine physician II; RI, resident I; RI), resident II; 
P absolute agreement; K, Cohen's kappa. 
significant difference between a-values of NMPs and residents. 
significant difference between P 'S of NMPI and RI. 
Influence of tumor localization and tumor size 
The interobserver agreements between the 2 nuclear medicine physicians decreased when 
more precise localization was required (table 3). The K and absolute agreement of the location 
of the primary tumor decreased when attempting to localize the primary tumor in the oral 
cavity or oropharynx. When attempting to localize the cervical metastases in the separate 
nodal levels in the neck, the K decreased for all levels. Only in level I did the interobserver 
agreement show a high K (0.76). The absolute interobserver agreement remained high (A6%) 
when the level of localization was taken into account. For level V, no K could be calculated, 
because the metastases were only found in this level by 1 observer. 
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Primary tumor 0.91 0.58 
Oral cavity 0.76 0.44 
Oropharynx 0.75 0.21 
Cervical metastases 0.94 0.83 
Level I 0.98 0.76 
Level)) 0.89 0.51 
Level III 0.86 -0.06 
Levelly 0.95 0.53 
Level 0.94 - 
Abbreviations as in Table 2. 
* For easy comparison, p0 and ie values from table 2 included. 
The influence of tumor size on interobserver agreements is presented in table 4. In 2 patients, 
the primary tumor had already been completely removed before 18F-FDG PET scanning. In 7 of 
78 scans, the nuclear medicine physicians did not agree on the presence of the primary tumor. 
In 6 of these 7 scans, the primary tumor was classified as stage Ti with a maximal diameter of 
20 mm and an invasion depth of 5 mm. In one scan, the primary tumor was classified as stage 
T2 with a maximal diameter of 31 mm and an invasion depth of 4 mm. 
No influence from the size of the cervical metastases on interobserver agreement was found. 
Only in I of the 10 neck sides in which disagreement existed was a cervical metastasis present. 
This lymph node was 25 mm. 
The sensitivities of the nuclear medicine physicians for the primary tumor and cervical metas-
tases categorized by tumor size are also listed in table 4. The sensitivity increased with 
increased tumor size. 
Primary tumor 
Ti T2 T3-T4 
Agreement NMPI-NMP)I 607 (9/15) 95', (18/19) 100', (44/44) 
Sensitivity NMPI 60,18/151 89% (17/19) 100% (44/44) 
Sensitivity 9MPH 67', (10/15) 95% (18/19) 100', (44/44) 
Cervical metastases 
c5mni 5-clOmm '10mm 
Agreement NMPI-NMPII 100, (14/14) 100', (7/7) 96', (29/30) 
Sensitivity NMPI 14% (2/14) 28% (2/7) 87% (27/30) 
Sensitivity NMP II 14% (2/14) 28% (2/7) 935' (28/30) 
Abbrevbiotions as in Table 2. 
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NMPI NMPII  
Sens spec Sens Spec 
89% 100% 92% 100% 
(69/78) (2/2) (72/78) (2/2) 
Sensitivity and specificity 
The sensitivity and specificity of the interpretations of the 4 observers are summarized in table 
5. The least experienced resident (resident II) had the lowest sensitivity for all 3 sites compared 
with the other 3 observers. Because of not adequately detecting malignancy, which involved 
fewer false positive results, resident II scored better for specificity for cervical metastases and 
distant metastases/ second primary tumor compared with the other observers. 
TabLe 5. Sensitivity and spe int4q ch ob = 
Although the present study found high interobserver agreement for the 2 nuclear medicine 
physicians for detecting malignancies, the K values clearly decreased if more precise localiza-
tion of the malignancies was required (table 3). Only neck level I demonstrated high observer 
agreement, which can be explained by the easy recognition of this level on scans. It was not 
surprising that the observer agreement decreased with more precise localization because of 
the lack of anatomic detail on 18F-FDG PET scans. This finding supports the additional value 
of combining PET with CT (PET/CT) for proper tumor localization, as shown by Syed et al.25 
18FFDG PET/CT was superior to 18F-FDG PET alone when comparing the interobserver agree-




2= PMT/ distant 
metastases 
Resident I Resident II 
Sens Spec Sens Spec 
92% 50% 71% 50% 
(72/78) (1/2) (55/78) (1/2) 
61% 97% 63% 91%b 61% 94% 47% 100%t 
(31/51) (106/109) (32/51) (99/109) (31/51) (103/109) (24/51) (109/109) 
88% 88% 88% 86% 75% 78%c 63% 99%5 
(7/8) (63/72) (7/8) (62/72) (6/8) (56/72) (5/8) (71/72) 
Tumor size influenced the interobserver agreement and sensitivity of the nuclear medicine 
physicians (table 4). The agreements increased with tumor size, with the exception of metas-
tases smaller than 1 cm. These small cervical metastases showed high interobserver agreement 
despite the very low sensitivities. The high interobserver agreement resulted from the nonde-
tection of the small metastases by both observers. Missing metastases 5 mm or smaller was not 
surprising against the background of the limited resolution of the PET camera. 
Abbreviations as in Table 2. 
2" PMT, second primary tumor 
significant difference in sensitivity between R11 and other observers. 
significant difference in specificity between R11 and NMPII. 
significant difference in specificity between RI and Ru. 
Discussion 
The present study has demonstrated high inter- and intraobserver agreement in 5CC in the oral 
cavity or oropharynx with 18F-FDG PET. The inter- and intraobserver agreement of the residents 
were, in general, less than the agreement between the nuclear medicine physicians, although 
their agreement was still fair to good (table 2). Differences in experience between the 2 resi-
dents and the 2 nuclear medicine physicians did not result in the superiority of one compared to 
the other for intraobserver agreement, indicating that observer experience plays only a limited 
role in the reproducibility of interpreting 18F-FDG PET scans. Also, for sensitivity and specificity, 
observer experience seemed to play a limited role. No superiority in the sensitivity and speci-
ficity between the 2 nuclear medicine physicians was found, despite their 10-year difference 
in experience. The sensitivity and specificity of the more experienced resident reached almost 
the level of the nuclear medicine physicians. 
The present study was cross-sectional; therefore, we were not able to show a real learning 
curve in evaluating the 8F-FDG PET scans. However, because the Least experienced resident 
had lower sensitivity in interpreting 18F-FDG PET scans, our results suggest a short learning 
phase exists, after which evaluating 10E-FDG PET scans reaches an acceptable level. Other 
imaging techniques such as US-guided fine needle aspiration cytology, MRI and CT are generally 
believed to be more experience and observer dependent.2224 That the interpretation of 8F-FDG 
PET images in the complex anatomic head and neck region is not very experience and observer 
dependent is an asset to the technique. 
One of the advantages of 18F-FDG PET for the initial staging of head and neck cancer is the 
possibility of evaluating the whole body for malignancy. All distant metastases/ second primary 
tumors were detected by both nuclear medicine physicians, except for one small superficial 
esophagus carcinoma, resulting in complete agreement for all second primary tumors and 
distant metastases. Disagreement, mostly for suspected malignancy in the lung or medias-
tinum, was present in 12 scans, all without proven second primary tumors or distant metas-
tases, highlighting the known false-positive risk of 18F-FDG PET" 
The present study had some limitations. The K values should be interpreted with caution because 
use of the K does have a number of drawbacks.27 ry 
 Most notably for our study, the drawback 
was the influence of distribution of malignancy. The K values tend toward lower values when 
the distribution is asymmetric. In the present study, the presence of malignancy in the head 
and body was very asymmetrically distributed: 98% and 10%, respectively. Thus, despite the 
high absolute agreement for detecting primary tumor and distant metastases, comparable to 
the agreement for detecting cervical metastases, the K values of the primary tumor and distant 
metastases were lower than those for cervical metastases. 
The histologic findings of the surgical specimens were used for determining the tumor size. 
However, for some patients with malignancy, surgical specimens were not obtained. For these 
patients, the tumor size was determined by CT, MRI or US performed at diagnosis of the malig-
nancy. The measured diameter was used as the malignancy size. Thus, it is possible that the 
measurements for these malignancies were somewhat overestimated. 
It could be argued that an analysis of PET data is superfluous in the PET/CT era. However, PET! 
CT is a combination of 2 imaging techniques, each with its own characteristics. To understand 
the added value of the combination, the value of each of the components should be known. 
The results of our study have revealed that the interpretation of PET data is relatively observer 
experience independent; however, 8F-FDG PET is lacking for locating a tumor. As such, the 
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NMPI NMPII  
Sens spec Sens Spec 
89% 100% 92% 100% 
(69/78) (2/2) (72/78) (2/2) 
Sensitivity and specificity 
The sensitivity and specificity of the interpretations of the 4 observers are summarized in table 
5. The least experienced resident (resident II) had the lowest sensitivity for all 3 sites compared 
with the other 3 observers. Because of not adequately detecting malignancy, which involved 
fewer false positive results, resident II scored better for specificity for cervical metastases and 
distant metastases/ second primary tumor compared with the other observers. 
TabLe 5. Sensitivity and spe int4q ch ob = 
Although the present study found high interobserver agreement for the 2 nuclear medicine 
physicians for detecting malignancies, the K values clearly decreased if more precise localiza-
tion of the malignancies was required (table 3). Only neck level I demonstrated high observer 
agreement, which can be explained by the easy recognition of this level on scans. It was not 
surprising that the observer agreement decreased with more precise localization because of 
the lack of anatomic detail on 18F-FDG PET scans. This finding supports the additional value 
of combining PET with CT (PET/CT) for proper tumor localization, as shown by Syed et al.25 
18FFDG PET/CT was superior to 18F-FDG PET alone when comparing the interobserver agree-




2= PMT/ distant 
metastases 
Resident I Resident II 
Sens Spec Sens Spec 
92% 50% 71% 50% 
(72/78) (1/2) (55/78) (1/2) 
61% 97% 63% 91%b 61% 94% 47% 100%t 
(31/51) (106/109) (32/51) (99/109) (31/51) (103/109) (24/51) (109/109) 
88% 88% 88% 86% 75% 78%c 63% 99%5 
(7/8) (63/72) (7/8) (62/72) (6/8) (56/72) (5/8) (71/72) 
Tumor size influenced the interobserver agreement and sensitivity of the nuclear medicine 
physicians (table 4). The agreements increased with tumor size, with the exception of metas-
tases smaller than 1 cm. These small cervical metastases showed high interobserver agreement 
despite the very low sensitivities. The high interobserver agreement resulted from the nonde-
tection of the small metastases by both observers. Missing metastases 5 mm or smaller was not 
surprising against the background of the limited resolution of the PET camera. 
Abbreviations as in Table 2. 
2" PMT, second primary tumor 
significant difference in sensitivity between R11 and other observers. 
significant difference in specificity between R11 and NMPII. 
significant difference in specificity between RI and Ru. 
Discussion 
The present study has demonstrated high inter- and intraobserver agreement in 5CC in the oral 
cavity or oropharynx with 18F-FDG PET. The inter- and intraobserver agreement of the residents 
were, in general, less than the agreement between the nuclear medicine physicians, although 
their agreement was still fair to good (table 2). Differences in experience between the 2 resi-
dents and the 2 nuclear medicine physicians did not result in the superiority of one compared to 
the other for intraobserver agreement, indicating that observer experience plays only a limited 
role in the reproducibility of interpreting 18F-FDG PET scans. Also, for sensitivity and specificity, 
observer experience seemed to play a limited role. No superiority in the sensitivity and speci-
ficity between the 2 nuclear medicine physicians was found, despite their 10-year difference 
in experience. The sensitivity and specificity of the more experienced resident reached almost 
the level of the nuclear medicine physicians. 
The present study was cross-sectional; therefore, we were not able to show a real learning 
curve in evaluating the 8F-FDG PET scans. However, because the Least experienced resident 
had lower sensitivity in interpreting 18F-FDG PET scans, our results suggest a short learning 
phase exists, after which evaluating 10E-FDG PET scans reaches an acceptable level. Other 
imaging techniques such as US-guided fine needle aspiration cytology, MRI and CT are generally 
believed to be more experience and observer dependent.2224 That the interpretation of 8F-FDG 
PET images in the complex anatomic head and neck region is not very experience and observer 
dependent is an asset to the technique. 
One of the advantages of 18F-FDG PET for the initial staging of head and neck cancer is the 
possibility of evaluating the whole body for malignancy. All distant metastases/ second primary 
tumors were detected by both nuclear medicine physicians, except for one small superficial 
esophagus carcinoma, resulting in complete agreement for all second primary tumors and 
distant metastases. Disagreement, mostly for suspected malignancy in the lung or medias-
tinum, was present in 12 scans, all without proven second primary tumors or distant metas-
tases, highlighting the known false-positive risk of 18F-FDG PET" 
The present study had some limitations. The K values should be interpreted with caution because 
use of the K does have a number of drawbacks.27 ry 
 Most notably for our study, the drawback 
was the influence of distribution of malignancy. The K values tend toward lower values when 
the distribution is asymmetric. In the present study, the presence of malignancy in the head 
and body was very asymmetrically distributed: 98% and 10%, respectively. Thus, despite the 
high absolute agreement for detecting primary tumor and distant metastases, comparable to 
the agreement for detecting cervical metastases, the K values of the primary tumor and distant 
metastases were lower than those for cervical metastases. 
The histologic findings of the surgical specimens were used for determining the tumor size. 
However, for some patients with malignancy, surgical specimens were not obtained. For these 
patients, the tumor size was determined by CT, MRI or US performed at diagnosis of the malig-
nancy. The measured diameter was used as the malignancy size. Thus, it is possible that the 
measurements for these malignancies were somewhat overestimated. 
It could be argued that an analysis of PET data is superfluous in the PET/CT era. However, PET! 
CT is a combination of 2 imaging techniques, each with its own characteristics. To understand 
the added value of the combination, the value of each of the components should be known. 
The results of our study have revealed that the interpretation of PET data is relatively observer 
experience independent; however, 8F-FDG PET is lacking for locating a tumor. As such, the 
Chapter 2 Cr 5auemoLis CeL) Carcirrornrr, O tile OraL C.a'.•Lry anr/ C ootr I/oar a t , r1, on lu/ar- vH• rr.rvO.aar\,er Op/cement 
 
present study provides a strong argument for the use of PET/CT in the evaluation of SCC of the 
head and neck. 
In conclusion, the 18F-FDG PET images of SCC of the oral cavity or oropharynx showed good 
inter- and intraobserver agreement for detecting malignancy. Observer experience played a 
Limited role in observer agreement. Even in difficult areas as the head and neck, the images 
can be interpreted reliably for oral and oropharyngeal cancer. Observer agreement decreased, 
however, when more precise anatomic tumor localization was required. Observer agreement 
and sensitivity increased with tumor size. Small Lesions were missed by all observers, inde-
pendent of experience, indicating that the role of 18F-FDG PET in detecting small cervical 
metastases is Limited. 
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Introduction 
The presence of cervical lymph node metastases at the time of diagnosis of squamous cell 
carcinoma (5CC) of the upper aerodigestive tract has a great impact on patient's treatment and 
prognosis.',' In planning treatment, staging of the neck is essential. It is important to distin-
guish between a NO and a N+ neck. The common diagnostic procedures for cervical lymph node 
staging are clinical examination, computer tomography (CT), magnetic resonance imaging (MRI) 
and ultrasonography (US) with ultrasound-guided fine-needle aspiration cytology (USgFNAC) on 
indication. Unfortunately a diagnosed NO-neck is still at risk of harboring occult cervical lymph 
node metastases. Prevalences of occult spread range from 12% to 50%, basically depending on 
the location and the size of the primary tumor.35 Although CT and MRI of the neck have proven 
to be superior to palpation in detecting cervical metastases; these modalities still have low 
accuracy for confirming the NO-neck. Between 40 and 60% of all occult metastases are found 
using either CT or MRI at the cost of a relatively high rate of false positives.6 In contrast, 
USgFNAC has a higher sensitivity and specificity and is more cost-effective than CT and MRI. In 
experienced hands, the sensitivity for the NO neck can reach 73% with a specificity of l00%, 
although others reported sensitivities ranging from 42 to 50%.8,9 
Because of the risk of occult cervical metastases in a diagnosed NO-neck in oral and oropharyn-
geal 5CC, the best treatment still is a dilemma. In cases of a NO neck with a low risk for occult 
metastases, watchful waiting is acceptable. However, if there is a high risk for occult cervical 
metastases an elective neck dissection is usually performed. A generally accepted maximal risk 
for subclinical disease in which case a watchful waiting policy is followed is 20%.10 
In recent years positron emission tomography (PET) with 2-(F18)-fluoro-2-deoxy-D-glucose (18 F-
FDG) has become an additional tool in the staging of head and neck cancer. In comparison with 
CT and MRI, 18F-FDG PET seems to be the procedure with the highest sensitivity and specificity 
for detecting lymph node metastases of head and neck cancer.11 
Aim of this study is to determine the diagnostic properties of 13F-FDG PET in patients clinically 
staged as NO compared to routine work-up consisting of MRI, CT and USgFNAC. 
Materials and methods 
All patients with a newly diagnosed 5CC of the oral cavity or oropharynx without signs of 
cervical lymph node metastasis in the physical examination (clinical NO-neck) who underwent 
18FFDG PET scanning from December 1999 till December 2003 were selected from medical 
records (n=44). The PET scan was acquired for staging purposes before onset of treatment. 
Squamous cell carcinoma was histologically confirmed before patients were referred for 18 F-FDG 
PET scanning. Five patients without neck dissection who underwent elective radiation therapy 
of the neck were excluded for they could not be evaluated reliably during follow-up because of 
the previous neck treatment. Another patient was excluded because of loss of the 18 F-FDG PET 
results. In total 38 patients were included. 
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Patients were referred for whole body 18F-FDG PET by the Departments of Maxillofacial Surgery 
and Oto-Rhino-Laryngology. The scans were acquired on two cameras: a Siemens CTI [CAT 951 
(31 planes over 11.8 cm) and a Siemens CTI [CAT EXACT HR + (63 planes over 15.5 cm.) The 
resolutions of the systems are 6 mm full width at half maximum transaxially in the center of the 
field of view, and 5 mm respectively. The patients fasted for at least 4 hours before receiving 
the intravenous administration of F-FDG. Each patient received 5 megabecquerel of 18F-FDG 
per kilogram. The time interval between intravenous 18F-FDG injection and PET-imaging was 
90 minutes. An experienced nuclear medicine physician interpreted the scan results by visual 
evaluation. Standard uptake value (SUV) calculations were not performed. Besides staging the 
neck, the 8F-FDG PET whole body scan was also evaluated in detecting distant metastases or 
second primary tumors. At the time of 15F-FDG PET imaging no patient had clinical evidence of 
distant metastases or second primary tumors. 
Next to 10E-FDG PET each patient underwent conventional imaging consisting of CT (n=19), MRI 
(n=1 0) or US with fine needle aspiration cytology (n=5) or US without (n=4)fine needle aspiration 
cytology. 
The results of ttFFDG PET and the conventional imaging modalities were obtained by studying 
the radiological and nuclear medicine reports. The 18F-FDG PET and conventional imaging 
modality results were compared to the histology of the neck specimens obtained during neck 
dissection. Histopathological examination of the lymph nodes was performed on hematoxylin-
eosin stained slides. The lymph node was cut in one or more slices, depending on the size of the 
lymph node, and completely embedded. If no neck dissection was performed, the results were 
compared to the results of clinical follow-up with a minimum of 1.5 years. 
Sensitivity, specificity, accuracy, positive predictive value and negative predictive value of 
18F-FDG PET and the conventional imaging modalities were calculated. 
Results 
Primary tumor 
The study group consisted of 38 patients, 17 females and 21 males with a median age of 59 (IQR 
53, 68) years. Tumor stage and localization are shown in Table 1. 
-Table 1. Localization and paIhciogical stageof the 88 tumors - 
Tl T2 I 
Oral tongue 7 6 3 
15FFDG PET did detect the squamous cell carcinoma at the primary site in 36 patients (sensi-
tivity of 95%). The two tumors not detected by 18F-FDG PET were superficial Ti tumors localized 
in the floor of the mouth. 
The neck 
In 30 patients a neck dissection was performed with a median of 8 (IQR 2, 20) days after the 
PET study. The 8 patients without neck dissection had a median follow-up of 3.8 (IQR 1. 7, 4.1) 
years. There was evidence of a positive neck on histology in seven patients and by follow-up 
in one patient. The prevalence of occult cervical metastases was 21% (8/38) in this study-
population. 18F-FDG PET detected cervical metastases in five patients. Four of these five scans 
were true positive, one was false positive. PET scans were negative for cervical metastases in 
33 patients, 29 of them showed indeed no evidence of disease by histology or follow-up. In the 
other 4 patients, all in the dissection group, 10E-FDG PET was false negative (Table 2). The 
cervical metastases detected by 8F-FDG PET varied in size from 4 to 7 mm. The sizes of the 
non-detected cervical metastases were respectively 1mm, 7mm, 9mm and 15mm. 
- i ' - H  
Occult cervical metastases 
present absent Total 
FOG PET* 4 1 5 
FOG PET - 4 29 33 Sensitivity 50% (Cl: 21.5 to 78.5); PPV 80% (Cl:37.6 to 96.4)  
Specificity 97% (Cl: 83.3 to 99.4); NPV 88% Cl: 72.7 to 95.2) 
Total 8 30 38 Accuracy 87% lCl:0,73 to 0,941; LII IS (Cl: 2.5 to 91.3)  
Conventional+ 4 9 13 
Conventional 4 21 25 Sensitivity 50% (Cl: 21.5 to 78.5); PPV 31% (Cl: 12.7 to 57.6) 
Specificity 70% (Cl: 52.1 to 83.3); NPV 84% (Cl: 56.4 to 93.6) 
Total 8 30 38 Accuracy 66% (Cl :  0,50 to 0,79); LII 1.7 )Cl: 0.6 to 3.7) 
Total population n=38. FOG PET - fluorine-18 fluarodeoxyglucose positron emission tomography, conventional - conventional 
- imaging methods consisting of computed tomography, magnetic resonance imaging or ultrasound-guided fine-needle 
aspiration cytology, PPV - positive predictive value, NPV - negative predictive value, LR - positive likelihood ratio, Cl - 95% 
confidence interval. 
Because 18F-FDG PET recognized four of the eight patients with occult cervical metastases the 
prevalence of occult cervical metastases in this study decreased from 21% to 11% (4/38). As 
patients with a Ti tumor are often subjected to a watchful waiting protocol, while patients 
with a T2 or higher tumor stage are subjected to elective treatment of the neck, the impact of 
lnFFDG PET on prevalence of occult cervical metastases of these two groups was assessed. The 
results revealed that in Ti (n=15) and T2-4 patients (n=23) the prevalence of occult cervical 
metastases decreased from 13% (2/15) to 7% (1/15) and from 26% (6/23) to 13% (3/23), respec-
tively. 
Gum 2 - 1 4 
The diagnostic properties of the conventional imaging methods are presented in Table 2. Table 
Floor of mouth 6 1 - 3 shows the results of each conventional imaging technique separately. CT (n=1 9) detected one 
Base of tongue - 2 - 
- occult cervical metastasis more with 6 more false positive results comparing to 5F-FDG PET. 
Tonsillar fossa - 2 1 
- MRI (n=iü) detection rate was identical to 8F-FDG PET but MRI showed two more false positive 
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Tl T2 I 
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- i ' - H  
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Occult cervical metastases 
CT(n=19) Present Absent Total 
CT. 2 7 9 
CT 1 9 10 
Total 3 16 19 
"FDGPET -V 1 1 2 
"EDO PET 2 15 17 
Total 3 16 19 
MRl(n=10) Present Absent Total 
MRI. 2 2 4 
MR[ 2 4 6 
Total 4 6 10 
'FDGPET-V 2 0 2 
'FDGPET 2 6 8 
Total 4 6 10 
US9FNAC(n=9) Present Absent Total 
USgFNAC • 0 0 0 
USgFNAC 1 8 9 
Total 1 8 9 
"EDO PET 1 0 1 
"EDO PET 0 8 8 
Total 1 8 9  
CT - computed tomography, MRI 
- magnetic resonance imaging, US(gFNAC) ultrasound (-guided fine-needle aspiration 
cytology), FOG PET 
- fluorine 18 fluorodeoxyglucose positron emission tomography. 
results. In the group of US(gFNAC) (n=9) the one patient with an occult cervical metastasis was 
only detected by '8F-FDG PET, USgFNAC showed no false positive results. 
Distant metastases and second primary tumors 
In this patient population no distant metastases were seen. In three patients a second primary 
tumor was found. 18F-FDG PET discovered two of these exclusively: an esophageal carcinoma 
and a bronchial carcinoma. Due to this detection, these two patients could receive treatment 
with curative intent. The third patient had a superficial Ti second primary tumor of the tongue, 
which was discovered by examination under general anesthesia. Three times 18 F-FDG PET was 
false positive for a second primary tumor or distant metastases. 
Discussion 
Despite advances in imaging technology, none of the current imaging modalities is able to 
detect the presence of micrometastases in the lymph nodes of clinical NO necks reliably. In the 
current study 18F-FDG PET and conventional imaging methods separately detected four of the 
eight patients with occult cervical metastases. Two patients were detected by both 8F-FDG PET 
and conventional imaging methods. Of the four metastases that were not detected by 15F-FDG 
PET one metastasis had a diameter of 1 mm which is far beyond the resolution of 18 F-FDG PET. 
The 7 mm and 9 mm cervical metastases were probably not detected because of a high blood 
sugar level (7.7 mm/L) and high '8F-FDG uptake by the muscles in the neck region, respectively, 
factors that lower the contrast ratio between tumor and background. The undetected cervical 
metastasis of 15 mm was in clinical setting confused with nonspecific activity of the parotid 
gland, though by reviewing clearly outlined as a hotspot indicating metastasis. 
°F-FDG PET has a higher specificity, positive and negative predictive value and accuracy in 
comparison to the conventional methods (Table 2). The difference is predominantly deter-
mined by one false positive result by '°F-FDG PET and nine false positive results by the conven-
tional methods (CT and MRI). Although there is no difference in sensitivity for both techniques, 
the positive likelihood ratio differs considerably: 15 for 5F-FDG PET and for the conventional 
methods 1.7. Because of the lower positive likelihood ratio the conventional imaging methods 
could lead to higher numbers of overtreatment compared with patients who were diagnosed 
by 8F-FDG PET. 
The accuracy of CT and MRI for nodal assessment is to a great extent restricted by the criteria 
used for lymph node metastasis. Criteria which result in a higher sensitivity subsequently will 
lead to a lower specificity and vice versa. While CT and MRI detect changes of morphology, 
structure and of diameter, '8F-FDG PET reveals the changes in cell metabolism and therefore is 
not dependent on criteria used. 
USgFNAC performed better than CT and MRI in specificity, because it is very unlikely to have a 
false positive result. There was only one false negative result of USgFNAC, which was detected 
by 8F-FDG PET. This false negative result is in accordance with the finding that approximately 
20% of the patients with negative USgFNAC at the time of presentation developed a neck node 
metastasis during follow-up. 2 
In most studies in which 18F-FDG PET is compared to the conventional imaging modalities 
16F-FDG PET seems to be superior for accurate staging of the neck."," The role of 18F-FDG 
PET in patients staged as NO is less clear. In two studies 18F-FDG PET performed better than 
conventional imaging techniques in the NO neck.'4"5 One study found a better performance 
by the conventional imaging methods probably because of simultaneous use of more than one 
conventional imaging modality in most patients which resulted in a higher overall sensitivity.'6 
Because of the risk of occult metastases, the treatment of the clinical NO-neck in squamous cell 
carcinoma of the head and neck remains controversial. A generally accepted concept is to apply 
a watchful waiting when the risk of occult cervical metastases is estimated to be 20% or less.10 
In this study the addition of 8F-FDG PET to clinical investigation reduced the risk of occult 
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false positive result. There was only one false negative result of USgFNAC, which was detected 
by 8F-FDG PET. This false negative result is in accordance with the finding that approximately 
20% of the patients with negative USgFNAC at the time of presentation developed a neck node 
metastasis during follow-up. 2 
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16F-FDG PET seems to be superior for accurate staging of the neck."," The role of 18F-FDG 
PET in patients staged as NO is less clear. In two studies 18F-FDG PET performed better than 
conventional imaging techniques in the NO neck.'4"5 One study found a better performance 
by the conventional imaging methods probably because of simultaneous use of more than one 
conventional imaging modality in most patients which resulted in a higher overall sensitivity.'6 
Because of the risk of occult metastases, the treatment of the clinical NO-neck in squamous cell 
carcinoma of the head and neck remains controversial. A generally accepted concept is to apply 
a watchful waiting when the risk of occult cervical metastases is estimated to be 20% or less.10 
In this study the addition of 8F-FDG PET to clinical investigation reduced the risk of occult 
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cervical metastases in the clinical negative neck from 21% to 11%. The negative predictive 
value of 18F-FDG PET was 88% which implies that a patient with a negative PET scan has a risk 
of occult metastases below the threshold of 20%. In practice, the threshold of 20% would imply 
that most patients with tumors staged as T2 or Larger should undergo some form of elective 
treatment, inevitably leading to excess treatment in most patients. In this study the prevalence 
of occult metastases was 26 % in the T2-T4 group. As shown, 8FFDG  PET decreased the risk 
of occult metastases in the T2-T4 group to 13%. The negative predictive value was 84%. Three 
other studies also found a negative predictive value above 80%.1416,17  This could suggest that 
this T2-T4 group might be suitable for a watchful waiting policy in case of a negative PET scan. 
However, due to the low prevalence of cervical metastases in this population a relatively high 
number of true negative results is expected which will result in a higher specificity and negative 
predictive value. As a consequence, because of this possible bias, it is yet not appropriate to 
conclude that a negative mnFFDG  PET scan could be suitable for watchful waiting policy in the 
NO neck. 
Only a limited number of 16F-FDG PET studies in head and neck cancer patients with a clini-
cally negative neck have been reported.14-" These studies show different sensitivities for the 
detection of occult cervical metastases by ThFFDG  PET ranging from 0% to 100% (Fig. 1). The 
specificities in these studies differ in a less broad range: 76-100%. We found a specificity of 97% 
due to one false-positive result. The broad range in sensitivities found in the above mentioned 
studies can be explained by the use of different research methods such as sample size, defini-
tion of NO-neck, gold standard, and administration of 8F-FDG. 
Overall the study samples were small (range n=1 1- 31) which leads to broad confidence inter-
vals. 
The most important inclusion criterion used in all studies is the clinically negative neck. This 
is not a clearly defined term.23 In this study as well as in three other studies,  14-16  the NO neck 
was determined by physical examination (palpation) only. In the other five studies the clinically 
negative neck was defined by both physical examination and radiological investigation.  17-21  The 
two different definitions of a NO-neck used by these studies resulted in high and low sensitivi-
ties respectively, with the exception of the 18 F-EDG PET/CT study.  17  In the current study the 
sensitivity would have dropped from 50% to 33% if the results of CT scanning had been used in 
the definition of a clinically NO-neck. 
The histopathological examinations of neck dissections in all mentioned studies are used as 
the gold standard for comparison with 8F-EDG PET results. Different histopathological methods 
may cause different sensitivities. If the lymph nodes of a neck dissection are examined in 
more detail, more occult metastases are found.  32426 Studies in which lower sensitivities were 
found"-" used step sectioning and immunohistochemistry as part of histopathological work-up. 
Other factors to influence the sensitivity are the PET camera used and the means of admin-
istration of 6F-FDG. The PET cameras used in the above mentioned studies are different in 
brand, type and resolution. The time interval between intravenous 18F-FDG injection and PET 
imaging coincides with the uptake of 18 F-FDG by tumor. Delineation of metastases from normal  
tissue background is important. A greater time interval improves image contrast and thus tumor 
detectability."" An uptake period of 90 minutes is appropriate for performing clinical static 
PET imaging of primary head and neck cancer.1011 Especially in detecting micrometastases the 
tumor-to-background ratio is important. In the studies mentioned above PET acquisition was 
about 60 minutes or less after intravenous injection of 18F-FDG and this may not be enough to 
detect occult metastases adequately. 
Considering all the differences in study methods it is not surprising that sensitivities differ in a 
broad range. Camera development and the use of other tracers than 18 F-FDG might improve the 
diagnostic properties of PET in the NO neck. Because of combining two modalities 18F-FDG PET! 
CT might find higher sensitivities. 
From this study, it is concluded that, although lnF.FDG 
 PET seems to have the best accuracy 
for detecting occult cervical metastases in the clinical NO neck in 5CC of the oral cavity and 





















NO neck definition based on both palpation and radiological investigation 
Figure 1. Sensitivity of 18F FOG PET with Cl 95% in detecting occult cervical metastases in the NO-neck in different studies. 
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of occult metastases in the T2-T4 group to 13%. The negative predictive value was 84%. Three 
other studies also found a negative predictive value above 80%.1416,17  This could suggest that 
this T2-T4 group might be suitable for a watchful waiting policy in case of a negative PET scan. 
However, due to the low prevalence of cervical metastases in this population a relatively high 
number of true negative results is expected which will result in a higher specificity and negative 
predictive value. As a consequence, because of this possible bias, it is yet not appropriate to 
conclude that a negative mnFFDG  PET scan could be suitable for watchful waiting policy in the 
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tion of NO-neck, gold standard, and administration of 8F-FDG. 
Overall the study samples were small (range n=1 1- 31) which leads to broad confidence inter-
vals. 
The most important inclusion criterion used in all studies is the clinically negative neck. This 
is not a clearly defined term.23 In this study as well as in three other studies,  14-16  the NO neck 
was determined by physical examination (palpation) only. In the other five studies the clinically 
negative neck was defined by both physical examination and radiological investigation.  17-21  The 
two different definitions of a NO-neck used by these studies resulted in high and low sensitivi-
ties respectively, with the exception of the 18 F-EDG PET/CT study.  17  In the current study the 
sensitivity would have dropped from 50% to 33% if the results of CT scanning had been used in 
the definition of a clinically NO-neck. 
The histopathological examinations of neck dissections in all mentioned studies are used as 
the gold standard for comparison with 8F-EDG PET results. Different histopathological methods 
may cause different sensitivities. If the lymph nodes of a neck dissection are examined in 
more detail, more occult metastases are found.  32426 Studies in which lower sensitivities were 
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a Comparison with Chest Radiography and Chest CT 
Introduction 
The presence of distant metastases and second primary tumors in head and neck squamous cell 
carcinoma (HNSCC) is an important factor determining prognosis and therapeutical approach. 
Development of a second primary tumor in the upper aerodigestive tract is strongly related to 
habitual use of tobacco, the single most important carcinogenic agent acting synergistic with 
alcohol. Second primary tumors in the upper aerodigestive tract occur in 7-27% of patients 
with head and neck squamous cell carcinoma.' 6  In addition, distant metastases may develop in 
about 5-10% of these patients.` Distant metastases are more frequently observed in advanced-
stage head and neck cancer bearing lungs, liver and bones as the most frequent sites of distant 
metastases. While patients with distant metastases are generally not considered curable and 
only palliative treatment remains, patients with a second primary tumor can be cured if both 
lip'  W 
- -. ----- 
- 1 
tumors can be treated with curative intent. 
Diagnostic workup including radiographic or computed tomographic (CT) survey of the chest 
and panendoscopy of the upper aerodigestive tract is commonly applied to identify distant 
metastases and second primary tumors. However, despite negative screening and local tumor 
control, some patients may develop distant metastases and second primary tumors. It is not 
rare that such metastases or second tumors were already present at diagnostic workup, but 
unfortunately were missed during this workup. The latter might be due to limitations of the 
diagnostic approaches applied. 
Positron emission tomography (PET) with the radiopharmaceutical fluorine-18 fluorodeoxyglu-
cose (16F-FDG) has been shown to be highly sensitive in detecting a variety of malignancies, 
including HNSCC. Initial staging of HNSCC with 18F-FDG PET might be valuable in detecting 
distant metastases and second primary tumors in any part of the body in a single diagnostic 
approach. As we routinely apply whole-body 16F-FDG PET in combination with routine diag-
nostics as chest radiography (CXR) and chest CT, we were able to assess the additional value 
of whole-body '8F-FDG PET to the routine diagnostic workup of a HNSCC in detecting distant 
metastases and second primary tumors below clavicular level (distant disease). 
Patients and methods 
All patients with a primary newly diagnosed HNSCC of the Department of Oral and Maxillofacial 
Surgery and the Department of Otorhinolaryngology of the University Medical Center Groningen, 
The Netherlands, who had been subjected to whole-body mode 6 F-FDG PET scanning for initial 
staging between October 1999 and December 2006 were selected from medical records. In total 
157 consecutive patients fulfilling the inclusion criteria could be identified. Five patients had to 
be excluded because of loss of follow-up due to treatment in another hospital, two patients due 
to inadequate information or loss of the 16 F-FDG PET results, and one patient had died before 
treatment had started. Consequently, the patient records of in total 149 patients were avail-
able for analysis. Patient, tumor and treatment characteristics are listed in Table 1. 
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a Comparison with Chest Radiography and Chest CT 
The F-FDG PET scans of the included 
patients had been performed on either 
Mean age (yrs) 61 
an ECAT 951 or an ECAT HR+ whole-body 
Female 47 (32% 
camera (Siemens CTI, Knoxville, USA). 
The ECAT 951 acquires 31 planes over a 
Male 102 (68 
10.9 cm field with a resolution of 6 mm 
Primary tumor 
FWHM. The ECAT HR-i- device acquires 
Oral cavity 84 (56%( 
63 planes over 15.5 cm. The measured Oropharynx 40 (27'( 
resolution of the system is 6 mm FWHM Hypopharynx 12 (8%( 
transaxially in the center of the field Larynx 13 (9%) 
of view. Patients fasted for at Least 4 h T-classification 
before administration of 18F-FDG. In all TI 23(15%) 
cases, 18F-FDG was injected intravenously T2 43 (29%) 
90 min before the onset of scanning. T3 25 (17%) 
T4 58 (39' 
As part of our standardized routine diag- N-classification 
nostic workup protocol, all patients also NO 68 (46',) 
underwent an X-ray investigation of the Ni 24(16%) 
chest, initially consisting of chest radi- N2a 5 (3%) 
ography and nowadays of chest CT. In N2b 27(18%) 
this study 106 and 82 of the 149 patients N2c 19 (13%) 
underwent CXR and chest CT, respec- N3 6 (4%) 
tively. Chest CT was made using single Stadium 
helical slice CT (Philips SR-7000, Philips 21(14F) 
Medical Systems, Best, The Netherlands) II 21(14%) 
in 6 patients, 4 slice multidetector CT III 24 (16") 
(MDCT) (Siemens Sensation-4, Siemens IV 83 (56F) 
Medical Systems, Erlangen, Germany) in Treatment 
1 patient, 16 slice MDCT (Siemens Sensa- Surgery 24 
tion-16) in 33 patients and 64 slice MDCT 
Radiation 34 
(Siemens Sensation-64) in 42 patients. 
Surgery and radiation 52 
The PET findings were correlated with 
Chemoradiation 21 
either CXR, chest CT or both. 
Palliative radiation 15 
The results of F-FDG PET were obtained 
Palliation 3 
by studying the standardized nuclear All patients suffered from a primary HNSCC. 
medicine reports. The F-FDG PET results 
were compared to histology obtained 
with resection or biopsy. If no histology 
was available, results were compared 
to cytology or if not available either, results of diagnostic examinations (CT, MRI, and US) 
combined with a clinical followup of at Least 0.5 years. Sensitivity, specificity of ThFFDG  PET, 
chest CT and CXR were calculated for detecting malignancy below clavicular level. Sensitivities 
and specificities were compared using 95% confidence interval analysis. If no overlap in the 95% 
intervals was found, differences were considered significant. 
Results 
Second primary tumors 
In 23 patients (15%) a second primary tumor was diagnosed, 13 of which were simultaneous and 
10 metachronous (Table 2). The median time before a metachronous tumor observed was 31 
months (range 16-55 months). Most second primary tumors were located in the lung (Fig. 1). 
inF.FDG PET detected all 13 simultaneous second primary tumors resulting in a sensitivity of 
100% (Table 3). Moreover, detection of a second primary tumor had a clear impact on patient 
care: 8 patients received curative treatment for the second primary tumors (7 Lung cancer and 
1 esophagus cancer) next to the treatment of HNSCC. In addition, 2 patients received palliative 
therapy instead of curative therapy of HNSCC because of the second primary pulmonary tumor 
and in the other 3 patients the palliative therapy was also focused on the second primary tumor. 
As is obvious from Table 3 the sensitivity of CT equals the sensitivity of 18F-FDG PET for detecting 
second primary tumors: chest CT was true positive in 10 patients and false negative for one 
case of esophagus cancer (Table 2). CXR had a significantly lower sensitivity of 58% in detecting 
second primary tumors (Table 3). 
Distant metastases 
Eighteen patients (12%) had developed distant metastases (Table 4). Most distant metastases 
were located in the lung. In 13 patients distant metastases were present at time of F-FDG PET 
scanning, in 5 patients probably not. In the latter 5 patients distant metastases were observed 
after a median followup of 23 months (range 12-24 months) after PET scanning. Four of these 
five patients firstly developed a local recurrence probably causing the distant metastases and 
the other one only received palliative treatment. 18F-FDG PET detected 11 of the 13 distant 
metastases present at scanning time resulting in a sensitivity of 85% (Table 3). 
In the subpopulation of 82 patients who also had been subjected to a chest CT, 14 patients had 
developed distant metastases, 11 of which were already present preoperatively. Chest CT was 
true positive for distant metastases in 6 patients and false negative in 5 patients. Of the 6 true 
positive results by chest CT, 5F-FDG PET failed to detect small lung metastases in one patient. 
On CT in this patient very small subpleural infiltrates (<5 mm) were seen which were suspect 
for infection, but metastases could not be ruled out. Of the 5 false negative results by chest 
CT, 8F-FDG PET detected distant metastases in 4 patients: liver, lung (2x) and mediastinum. 
It has to be mentioned that the liver is beyond the reach of chest CT. One of the two CT scans 
missing lung metastases was made using a single slice CT scanner. On this scan no anatomical 
substrate was seen fitting metastases. The other scan was wrongly interpreted; a control chest 
CT scan did prove the lung metastases in this patient. The metastasis in the mediastinum could 
retrospectively be seen on CT as a lymph node measuring 1.3 cm. In the chest CT subpopulation 
chest CT and 10E-FDG PET showed a sensitivity of 55% and 82% for detecting distant metastases, 
respectively (Table 3). The sensitivity of CXR was significantly lower (20%, Table 3). 
Chapter 4 '5F-FDG PET and Detection of Distant Metastases and Simultaneous Tumors in Head and Neck Squamous Cell Carcinoma 
a Comparison with Chest Radiography and Chest 
The F-FDG PET scans of the included 
patients had been performed on either 
Mean age (yrs) 61 
an ECAT 951 or an ECAT HR+ whole-body 
Female 47 (32% 
camera (Siemens CTI, Knoxville, USA). 
The ECAT 951 acquires 31 planes over a 
Male 102 (68 
10.9 cm field with a resolution of 6 mm 
Primary tumor 
FWHM. The ECAT HR-i- device acquires 
Oral cavity 84 (56%( 
63 planes over 15.5 cm. The measured Oropharynx 40 (27'( 
resolution of the system is 6 mm FWHM Hypopharynx 12 (8%( 
transaxially in the center of the field Larynx 13 (9%) 
of view. Patients fasted for at Least 4 h T-classification 
before administration of 18F-FDG. In all TI 23(15%) 
cases, 18F-FDG was injected intravenously T2 43 (29%) 
90 min before the onset of scanning. T3 25 (17%) 
T4 58 (39' 
As part of our standardized routine diag- N-classification 
nostic workup protocol, all patients also NO 68 (46',) 
underwent an X-ray investigation of the Ni 24(16%) 
chest, initially consisting of chest radi- N2a 5 (3%) 
ography and nowadays of chest CT. In N2b 27(18%) 
this study 106 and 82 of the 149 patients N2c 19 (13%) 
underwent CXR and chest CT, respec- N3 6 (4%) 
tively. Chest CT was made using single Stadium 
helical slice CT (Philips SR-7000, Philips 21(14F) 
Medical Systems, Best, The Netherlands) II 21(14%) 
in 6 patients, 4 slice multidetector CT III 24 (16") 
(MDCT) (Siemens Sensation-4, Siemens IV 83 (56F) 
Medical Systems, Erlangen, Germany) in Treatment 
1 patient, 16 slice MDCT (Siemens Sensa- Surgery 24 
tion-16) in 33 patients and 64 slice MDCT 
Radiation 34 
(Siemens Sensation-64) in 42 patients. 
Surgery and radiation 52 
The PET findings were correlated with 
Chemoradiation 21 
either CXR, chest CT or both. 
Palliative radiation 15 
The results of F-FDG PET were obtained 
Palliation 3 
by studying the standardized nuclear All patients suffered from a primary HNSCC. 
medicine reports. The F-FDG PET results 
were compared to histology obtained 
with resection or biopsy. If no histology 
was available, results were compared 
to cytology or if not available either, results of diagnostic examinations (CT, MRI, and US) 
combined with a clinical followup of at Least 0.5 years. Sensitivity, specificity of ThFFDG  PET, 
chest CT and CXR were calculated for detecting malignancy below clavicular level. Sensitivities 
and specificities were compared using 95% confidence interval analysis. If no overlap in the 95% 
intervals was found, differences were considered significant. 
Results 
Second primary tumors 
In 23 patients (15%) a second primary tumor was diagnosed, 13 of which were simultaneous and 
10 metachronous (Table 2). The median time before a metachronous tumor observed was 31 
months (range 16-55 months). Most second primary tumors were located in the lung (Fig. 1). 
inF.FDG PET detected all 13 simultaneous second primary tumors resulting in a sensitivity of 
100% (Table 3). Moreover, detection of a second primary tumor had a clear impact on patient 
care: 8 patients received curative treatment for the second primary tumors (7 Lung cancer and 
1 esophagus cancer) next to the treatment of HNSCC. In addition, 2 patients received palliative 
therapy instead of curative therapy of HNSCC because of the second primary pulmonary tumor 
and in the other 3 patients the palliative therapy was also focused on the second primary tumor. 
As is obvious from Table 3 the sensitivity of CT equals the sensitivity of 18F-FDG PET for detecting 
second primary tumors: chest CT was true positive in 10 patients and false negative for one 
case of esophagus cancer (Table 2). CXR had a significantly lower sensitivity of 58% in detecting 
second primary tumors (Table 3). 
Distant metastases 
Eighteen patients (12%) had developed distant metastases (Table 4). Most distant metastases 
were located in the lung. In 13 patients distant metastases were present at time of F-FDG PET 
scanning, in 5 patients probably not. In the latter 5 patients distant metastases were observed 
after a median followup of 23 months (range 12-24 months) after PET scanning. Four of these 
five patients firstly developed a local recurrence probably causing the distant metastases and 
the other one only received palliative treatment. 18F-FDG PET detected 11 of the 13 distant 
metastases present at scanning time resulting in a sensitivity of 85% (Table 3). 
In the subpopulation of 82 patients who also had been subjected to a chest CT, 14 patients had 
developed distant metastases, 11 of which were already present preoperatively. Chest CT was 
true positive for distant metastases in 6 patients and false negative in 5 patients. Of the 6 true 
positive results by chest CT, 5F-FDG PET failed to detect small lung metastases in one patient. 
On CT in this patient very small subpleural infiltrates (<5 mm) were seen which were suspect 
for infection, but metastases could not be ruled out. Of the 5 false negative results by chest 
CT, 8F-FDG PET detected distant metastases in 4 patients: liver, lung (2x) and mediastinum. 
It has to be mentioned that the liver is beyond the reach of chest CT. One of the two CT scans 
missing lung metastases was made using a single slice CT scanner. On this scan no anatomical 
substrate was seen fitting metastases. The other scan was wrongly interpreted; a control chest 
CT scan did prove the lung metastases in this patient. The metastasis in the mediastinum could 
retrospectively be seen on CT as a lymph node measuring 1.3 cm. In the chest CT subpopulation 
chest CT and 10E-FDG PET showed a sensitivity of 55% and 82% for detecting distant metastases, 
respectively (Table 3). The sensitivity of CXR was significantly lower (20%, Table 3). 
Chapter 4 '5F-FDG PET and Detection of Distant Metastases and Simultaneous Tumors in Head and Neck Squamous Cell Carcinoma 
a Comparison with Chest Radiography and Chest 
Age TN Second primary EDO Chest Time of 
Pt Sex (yrs) Site stage Stage tumor Diagnosis PET' CT' CXR' diagnosis 
Radiologc 
1 M 78 OC T4N1 IV Lung progression Pos Pos Neg Simultaneous 
2 F 49 OC T4112b IV Lung Biopsy Pos Pos Pos Simultaneous 
3 F 54 OC T4N0 IV Lung Lobectomy Pos Pos Pos Simultaneous 
4 M 52 OC T4N2b IV Esophagus Biopsy pos Neg - Simultaneous 
5 F 58 OC T4N2c IV Lung Biopsy Pos Pos Neg Simultaneous 
6 M 59 OC TINO I Esophagus Biopsy Pos - Neg Simultaneous 
Lung with Radiologic 
7 M 62 L Ti 110 I metastases progression Pos Pos Pos Simultaneous 
8 M 59 OP T3N2c IV Lung Cytology pos pos Neg Simultaneous 
9 M 60 OP T2N0 II Lung Lobectomy Pos Pos Neg Simultaneous 
10 F 56 L T2110 II Lung Lobectomy Pos Pos Pos Simultaneous 
ii F 52 L T3NO III Lung Lobectomy Pos Pos Pos Simultaneous 
12 M 69 L T3NO III Lung Lobectomy Pos Pos Pos Simultaneous 
13 M 84 L T1NO I Lung Lobectomy Pos Pos Pos Simultaneous 
14 M 50 OC T4N1 IV Lung Biopsy Neg - Neg Metachronous (16) 
15 M 68 L T3N2c IV Lung Biopsy Neg Neg Metachronous (22) 
16 M 69 OC T2N2b IV Lung Biopsy Nog Neg Metachronous (23) 
17 F 54 HP T3NO III Breast Mastectomy Neg - Neg Metachronous (23) 
Pharynx, lung 
18 M 66 OC T4N2b IV metastases Biopsy Neg - Neg Metachronous (30) 
19 F 62 OP T2NO II Breast Mastectomy Neg - Neg Metachronous (32) 
20 M 58 OP T2NO II Lung Biopsy Neg Neg Nog Metachronous (35) 
21 M 59 OC T2NO II Lung Biopsy Nog Neg Neg Metachronous (48) 
Lung with liver 
22 M 49 OC T4110 IV metastases Biopsy Neg - Neg Metachronous (52) 
Lung with 
23 M 65 OC T2N1 III metastasis Li Biopsy Neg - Nog Metachronous (55) 
of primary tumor. OC = oral cavity; OP =oropharynx, HP = hypopharynx, L = larynx 
' (positive) second primary tumor detected; Neg (negative) = second primary tumor not detected; = investigation not 
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Figure 1. Lung cancer detected by F-FOG PET and CT Bronchus carcinoma (arrows) detected by "F-FOG PET (A), fusion 
"F-FOG PET/ CT (B) and chest CT (C). 
--"'- ,--- 0 
Figure 2. False positive result for lung cancer by chest CT Irregular hyperdensities (arrows) lung apex suspect for malignancy 
on fusion "F-FOG PET/ CT (B) and chest CT (C). PET shows no "F-FOG uptake (A, B). Multiple control chest CT's did not show 
progression of the lesion. 
Patients without proven distant metastases and/ or second primary 
tumors 
In order to determine specificity, patients without distant disease were studied. In 108 patients 
(72%) no second primary tumors or distant metastases were observed. Of these 108 patients, 49 
patients had died after a median of 12 months (range 2-68 months) after 8F-FDG PET Scanning. 
The cause of death was locoregional cancer except for 6 patients who passed away because 
of health problems not related to a malignancy. The median follow-up of the 59 patients who 
were still alive was 49 months (range 6-90 months) at time of the inclusion. At the time of scan-
ning, 123 patients did not suffer from distant disease, 15 of these patients developed distant 
metastases or a Second primary tumor later on (Table 2 and 4). 
18 F-FDG PET was true negative for distant disease in 115 patients, in 8 patients 8F-FDG PET 
was false positive resulting in a specificity of 92% (T able 3). Three false positive results could 
be explained by other pathologies than malignancy: lung abscess, diverticuLitis and sarcoidosis. 
The other five false positive results showed low aspecific F-FDG uptake (lung (3), mediastinum 
and vertebra (Th7)). 
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was false positive resulting in a specificity of 92% (T able 3). Three false positive results could 
be explained by other pathologies than malignancy: lung abscess, diverticuLitis and sarcoidosis. 
The other five false positive results showed low aspecific F-FDG uptake (lung (3), mediastinum 
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Time of 
Age TN Distant EDO Chest diagno- 
Pt Sex (yrs) Site stage Stage metastases Diagnosis PET CT CXR sin 
Radiologic 
24 N 56 HP T4N2a IV Lung progression Pos Pos Neg 0 
Radiologic 
25 M 47 HP T3N1 Ill Lung progression Pos Pos - 0 
Lung, liver, 
26 N 73 OP T3N2b IV abdomen All investigations Pos Pos Pos 0 
Follow-up and 
27 F 61 OC T4112c IV Mediastinum radiology Pos Pos Neg 0 
Radiologic 
28 M 57 OP T3N2c IV Mediastinum progression Pos Pos - 0 
Follow-up and 
29 M 78 OC T4NO IV Lung, pleura radiology Pos Neg Nog 8 
30 M 56 HP T4N2b IV Lung Obduction Pos Neg Nog 20 
31 M 73 HP T4NO IV Mediastinum Cytology Pos Nog Nog 0 
32 M 74 OP T7N2a IV Liver Biopsy Pos Neg - 0 
Radio logic 
33 M 70 HP T3NO Ill Lung progression Nog Pos Pos 7 
Radiologic / PET 
34 M 59 OP T4N2c IV Lung progression Neg Nog Neg 7 
Follow-up and 
35 M 66 OP T4N3 IV Mediastinum PET Pos - Neg 0 
PET and bone 
36 F 52 OP T4N2c IV Spine scintigraphy Pos - Neg 0 
Mediastinum, Follow-up and 
37 M 72 OP T4N2b IV Ring radiology Neg - Neg 12 
Follow-up and 
38 F 53 OC T2N2a IV Spine, lung radiology Nog Neg Neg 17 
39 M 54 HP T2N3 IV Liver Ultrasound Nog - Neg 23 
Follow-Up and 
40 M 56 L T4NO IV Lung, rib radiology Nog Neg Neg 23 
Follow-up and 
41 F 77 OP T4NO IV Lung radiology Neg Neg - 24 
CXR 
- chest radiography; Pos = positive detection distant metastases; Nog - negative detection distant metastases; OC = oral 
cavity; OP = orpharynx; t = larynx. HP = hypopharynx 
in months after FOG-PET scanning 
metastases not yet present at time of scanning 
In the subpopulation of 82 patients who also received a Chest CT, 59 patients were without 
distant disease at the time of scanning. Chest CT was true negative in 37 patients, in 22 patients 
chest CT was false positive resulting in a significantly lower specificity of 63% compared to 
15FfDG PET (92%, Table 3). Most of the false positive results of chest CT were localized in the 
lung or mediastinum based on morphologic densities or oversized lymphnodes (Fig. 2). Some of 
these false positive results were based on other pathologies (Table 5). CXR showed a specificity 
of 92% compared to 94% with 5F-FDG PET (Table 3). 
Location Anatomical substrate Diagnosis Frequency 
Lung Irregular or >1cm hyperdensities Benign pulmonary nodules 8 
Hyperdensities and bullous deformities Scar tissue TBC 1  2 
Density behind diaphragmatic crus CT abdomen: chyle cistern 1 
Cavernous Lesion Abscess (after lobeccomy) 1 
Pleural fluid and mediantnal Bronchoscopy negative and analysis pleural 1 
lymphadenopathy fluid negative 
Sabpleural nodules No pathology 1 
Mediastinum Enlarged (>lsmm) or multiple lymph nodes Lymphadenopathy 4 
Lymphudenopathy 1 
Sarcoidosis > 1 
Menenteriam Enlarged lymphnodes (>2cm) CT abdomen: no abnormalities 
Breast / liver Breast asymmetry> densities; Gynecomasty and liver cysts 1 
Iymphadesopathy; hypodensities liver 
Also suspected for malignancy on CXR 
Also suspected for malignancy on FOG-PET 
Discussion 
Patients with HNSCC are at risk of developing distant metastases and second primary malignan-
cies. It is obvious that early identification of distant metastases and second primary tumors 
is of utmost importance because of their impact on treatment and prognosis. Thus, a fast, 
accurate, reliable diagnostic workup before initial treatment is crucial. In this study, about a 
quarter of the patients developed distant disease. inF.fDG  PET detected the vast majority of 
the malignancies under clavicular level present at scanning time, visualizing all simultaneous 
primary tumors and 85% of the distant metastases. Moreover, detection of the distant metas-
tases and second primary tumors always had impact on treatment of the patient. Our finding 
that 8F-FDG PET is an accurate imaging modality for detecting distant disease is in agreement 
with other studies reported in the literature.  10-11 To our knowledge, the current study is by far 
the largest case series on detecting distant disease by 10E-FDG PET used for initial staging in 
HNSCC patients. Moreover, this large series makes it possible to compare 15F-FDG PET with chest 
CT and CXR in detecting distant disease. As is obvious from the results, 18F-FDG PET was the 
most accurate single whole-body imaging modality for detection of distant disease in head and 
neck cancer patients applied in this study. 
Sensitivity of CXR was significantly lower than F-FDG PET and chest CT. No significant differ-
ence in sensitivity was found between 8F-FDG PET and CT although the sensitivity of 18F-FDG PET 
compared to chest CT was higher, mainly due to detection of extrapulmonary distant disease. 
The superiority of 15F-FDG PET performance in detecting malignancies outside the thorax could 
be expected because these anatomical sites simply are not included in routine workup most 
of the time.bo: ui ; hiis However, most of the distant disease in HNSCC patients is located inside 
the thorax. Corrected for localization inside the thorax 15F-FDG PET also performed better 
than the routine work-up mostly, which is not surprising as in most studies only CXR was part 
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cavity; OP = orpharynx; t = larynx. HP = hypopharynx 
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In the subpopulation of 82 patients who also received a Chest CT, 59 patients were without 
distant disease at the time of scanning. Chest CT was true negative in 37 patients, in 22 patients 
chest CT was false positive resulting in a significantly lower specificity of 63% compared to 
15FfDG PET (92%, Table 3). Most of the false positive results of chest CT were localized in the 
lung or mediastinum based on morphologic densities or oversized lymphnodes (Fig. 2). Some of 
these false positive results were based on other pathologies (Table 5). CXR showed a specificity 
of 92% compared to 94% with 5F-FDG PET (Table 3). 
Location Anatomical substrate Diagnosis Frequency 
Lung Irregular or >1cm hyperdensities Benign pulmonary nodules 8 
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Density behind diaphragmatic crus CT abdomen: chyle cistern 1 
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Pleural fluid and mediantnal Bronchoscopy negative and analysis pleural 1 
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Sabpleural nodules No pathology 1 
Mediastinum Enlarged (>lsmm) or multiple lymph nodes Lymphadenopathy 4 
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Sarcoidosis > 1 
Menenteriam Enlarged lymphnodes (>2cm) CT abdomen: no abnormalities 
Breast / liver Breast asymmetry> densities; Gynecomasty and liver cysts 1 
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Also suspected for malignancy on CXR 
Also suspected for malignancy on FOG-PET 
Discussion 
Patients with HNSCC are at risk of developing distant metastases and second primary malignan-
cies. It is obvious that early identification of distant metastases and second primary tumors 
is of utmost importance because of their impact on treatment and prognosis. Thus, a fast, 
accurate, reliable diagnostic workup before initial treatment is crucial. In this study, about a 
quarter of the patients developed distant disease. inF.fDG  PET detected the vast majority of 
the malignancies under clavicular level present at scanning time, visualizing all simultaneous 
primary tumors and 85% of the distant metastases. Moreover, detection of the distant metas-
tases and second primary tumors always had impact on treatment of the patient. Our finding 
that 8F-FDG PET is an accurate imaging modality for detecting distant disease is in agreement 
with other studies reported in the literature.  10-11 To our knowledge, the current study is by far 
the largest case series on detecting distant disease by 10E-FDG PET used for initial staging in 
HNSCC patients. Moreover, this large series makes it possible to compare 15F-FDG PET with chest 
CT and CXR in detecting distant disease. As is obvious from the results, 18F-FDG PET was the 
most accurate single whole-body imaging modality for detection of distant disease in head and 
neck cancer patients applied in this study. 
Sensitivity of CXR was significantly lower than F-FDG PET and chest CT. No significant differ-
ence in sensitivity was found between 8F-FDG PET and CT although the sensitivity of 18F-FDG PET 
compared to chest CT was higher, mainly due to detection of extrapulmonary distant disease. 
The superiority of 15F-FDG PET performance in detecting malignancies outside the thorax could 
be expected because these anatomical sites simply are not included in routine workup most 
of the time.bo: ui ; hiis However, most of the distant disease in HNSCC patients is located inside 
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of the routine workup.1416'18'1 ° When comparing 15F-FDG PET with chest CT for detecting intra 
thoracic distant disease, the specificity and sensitivity of 18F-FDG PET was at least equal to 
chest CT.10578 In the current study, when corrected for localization inside the lungs, the 
difference in detection rate was small and statistically not significant: in two patients distant 
metastases were only detected by 8F-FDG PET and in one only by chest CT. One of the two 
metastases missed by chest CT was scanned using a low quality single slice CT scanner, the 
other one was missed because the chest CT scan was wrongly interpreted. 8F-FDG PET missed 
metastases smaller than 5 mm, which is below the resolution of PET.  
neck cancer in their study died because of locoregional disease.26 Unknown distant metastases 
and second primary tumors were both found in 26% of the autopsies. 
In conclusion, 18F-FDG PET was shown to be able to detect distant metastases and second 
primary tumors in HNSCC with a high specificity and sensitivity. With regard to detection 
of intrapulmonary malignancy, 18F-FDG PET and CT performed similar in sensitivity, but the 
specificity of 8F-FDG PET was significantly higher. CXR fell significantly behind in sensitivity 
compared with 18F-FDG PET and chest CT, rendering this technique as significantly less valid for 
the detection of distant disease in HNSCC. 
18 F-FDG PET showed a significantly higher specificity compared with chest CT. The false positive 
results of chest CT were mostly caused by nodular densities greater than 1 cm in the Lung and 
mediastinal lymphadenopathy (Table 5). Although a lot of the false positive results on chest CT 
were corrected by chest CT itself after a couple of months because of absence of grow of these 
lesions, these results could not be neglected at first. The higher rate of false positive chest CT 
scans is in agreement with the study of Kim et al. comparing 18F-FDG PET with chest CT for char-
acterization of solitary pulmonary lesions.21 As chest CT is routinely used in HNSCC workup, the 
current study indicates that in case of a suspicious pulmonary lesion >5mm (above 18 F-FDG PET 
resolution) on chest CT, a 18F-FDG PET scan should be made to ease the determination of the 
nature of this lesion to reduce the high false positive ratio. Thus, 18F-FDG PET could be consid-
ered as a first diagnostic modality for detecting second primary tumors and distant metastases, 
bearing in mind the missing of very small malignancies. In this respect the combination PET! 
CT is a promising technique and seems to be superior to both 8F-FDG PET and CT separately. 22 
As such, the added value of combining both techniques might reduce the rate of false positive 
results in combination with a high sensitivity both intra- and extrapulmonary. 
Because in advanced-stage disease the probability of distant metastases is relatively high,23°5 
studies recommend 8F-FDG PET for detecting distant metastases to be used only in advanced 
head and neck cancer patients (stages III and IV).10' 4'17' 9 Indeed in the current study, in all 
patients with distant metastases the primary tumor was staged Ill or IV. However, when using 
'8F-FDG PET only in advanced squamous cell carcinoma, there is a risk of missing second primary 
tumors. 
The retrospective nature of the current study can be considered a limitation as it cannot be 
excluded that observers might have known the diagnostic outcome of CT of the chest before 
assessing the 15F-FDG PET results and opposite. However, the CT and PET results were not 
provided by the same team. The PET and radiographic examination results were combined by 
the clinicians. 
A second Limitation results from the way patients were confirmed negative for distant disease. 
Patients with distant disease were proven positive by pathology, cytology or disease was 
unequivocally established by lesion progression on followup imaging. Patients with negative 
results were confirmed not to have distant disease by a minimal followup of 6 months. The 
limitation is the death of 49 patients after a median followup of 12 months. In some of these 
patients, malignancy under clavicular level might have been present at death, but was not 
confirmed. In an autopsy study performed by Slootweg et al., 61% of the patients with head and 
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the detection of distant disease in HNSCC. 
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mediastinal lymphadenopathy (Table 5). Although a lot of the false positive results on chest CT 
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resolution) on chest CT, a 18F-FDG PET scan should be made to ease the determination of the 
nature of this lesion to reduce the high false positive ratio. Thus, 18F-FDG PET could be consid-
ered as a first diagnostic modality for detecting second primary tumors and distant metastases, 
bearing in mind the missing of very small malignancies. In this respect the combination PET! 
CT is a promising technique and seems to be superior to both 8F-FDG PET and CT separately. 22 
As such, the added value of combining both techniques might reduce the rate of false positive 
results in combination with a high sensitivity both intra- and extrapulmonary. 
Because in advanced-stage disease the probability of distant metastases is relatively high,23°5 
studies recommend 8F-FDG PET for detecting distant metastases to be used only in advanced 
head and neck cancer patients (stages III and IV).10' 4'17' 9 Indeed in the current study, in all 
patients with distant metastases the primary tumor was staged Ill or IV. However, when using 
'8F-FDG PET only in advanced squamous cell carcinoma, there is a risk of missing second primary 
tumors. 
The retrospective nature of the current study can be considered a limitation as it cannot be 
excluded that observers might have known the diagnostic outcome of CT of the chest before 
assessing the 15F-FDG PET results and opposite. However, the CT and PET results were not 
provided by the same team. The PET and radiographic examination results were combined by 
the clinicians. 
A second Limitation results from the way patients were confirmed negative for distant disease. 
Patients with distant disease were proven positive by pathology, cytology or disease was 
unequivocally established by lesion progression on followup imaging. Patients with negative 
results were confirmed not to have distant disease by a minimal followup of 6 months. The 
limitation is the death of 49 patients after a median followup of 12 months. In some of these 
patients, malignancy under clavicular level might have been present at death, but was not 
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Introduction 
Initial accurate staging of cervical lymph node metastases in patients with squamous cell carci-
nomas (SCCs) of the oral cavity or oropharynx is a major keystone in treatment planning. Along 
with tumor site and size, the presence or absence of cervical metastases constitutes I of the 
most important prognostic factors for patients. Curative neck treatment of the neck is indi-
cated in case of a proven metastasis or a high incidence of suspicion. Elective neck treatment 
is performed in case of a negative neck but a high risk of subclinical disease. Besides physical 
examination, current noninvasive staging techniques of the neck include CT, MRI, and ultra-
sonography (US). Although these anatomic imaging techniques have improved the sensitivity, 
specificity and accuracy of staging of the neck compared with palpation, the overall error rate 
of assessing the presence of cervical metastases is high.'-' 
An alternative way of cancer imaging is the use of metabolic properties of tumor cells. It 
has been shown that malignant cells have an increased glucose consumption due to increased 
anaerobic glycolysis,7 as reflected in an overexpression of glucose transporter-1 in malignant 
cells. As a result, the glucose analog 2-[18F]fluoro-2-deoxy-D-glucose (18F-FDG) has been used 
successfully for imaging tumor tissue with positron emission tomography (PET). For detection 
of lymph node metastases 18F-FDG PET has been shown to be complementary to CT/MRI or even 
to demonstrate a greater accuracy than that of anatomic imaging methods.5'8 3  Recently, the 
combination of anatomic and metabolic imaging with PET/CT enables precise localization of 
avid spots on the conventional image and may increase diagnostic accuracy for nodal staging 
in the head and neck. 14 
Unfortunately, 18F-FDG is not specific for cancer cells, and numerous infectious and nonin-
fectious inflammatory conditions lead to increased focal 18F-FDG uptake, which may cause 
false positive results.15  In particular, false positive results in nodal staging are often caused 
by nonspecific 18F-FDG uptake in reactive lymfadenopathy.16 Therefore, radiopharmaceuticals 
capable of overcoming these drawbacks are welcome. 
Radiolabeled amino acids were introduced as radiopharmaceuticals to provide an alternative 
to the suboptimal specificity of 18F-FDG. The target for metabolic tumor imaging is increased 
protein metabolism and upregulated amino acid transport, which can be visualized with these 
radiolabeled amino acids. Tumor tissue demonstrates increased protein metabolism and upreg-
ulated amino acid transport because the process of malignant transformation requires that 
cells acquire and use nutrients efficiently for energy, protein synthesis, and cell division.17 
Given that amino acids are less avidly metabolized than glucose by inflammatory cells, this 
makes radiolabeled amino acids - theoretically - more specific for visualizing tumor tissue than 
radiolabeled glucose.18'19 
A natural 11C radiolabeled amino acid, which has been shown to visualize primary tumors in head 
and neck and cervical metastases with high specificity and good sensitivity, is [-1 - [1 C]-tyrosine 
(11C-TYR).23'21  A direct comparison between 18F-FDG and 11C-TYR is lacking, however. Therefore, 
the aim of this study was to compare the diagnostic value of 1  C-TYR PET with 18F-FDG PET for 
the detection of metastatic cervical lymph nodes of 5CC of the oral cavity or oropharynx by 
65 
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applying both radiopharmaceuticals in the same patient. In addition, based on the results of 
this study, the role that C-TYR and other radiolabeled amino acids might have in either the 
diagnosis or the follow-up of head and neck SCC patients will be discussed. 
Patients and methods 
Patients 
Twenty-seven patients (20 men and 7 women, mean age, 56 years; range 35 to 80 years) 
were included in this prospective study. All patients had been referred to the Head and Neck 
Oncology group of the University Medical Center Groningen for treatment of an SCC of the oral 
cavity or oropharynx. The routine preoperative workup included a CT or MRI of the head and 
neck region. SCC was histologically confirmed before patients were referred for PET scanning. 
All patients were treated surgically for the primary tumor. A modified radical neck dissection 
was performed in the case of a clinically positive neck. Elective supraomohyoidal neck dissec-
tion was performed in the case of a T2-T3 tumor. In cT1 NO cases, a watchful waiting policy was 
followed. The study was approved by the Hospital Institutional Review Board, and all patients 
gave written informed consent to participate in the study. 
PET imaging 
All patients fasted for at least 8 hours before the PET studies. PET scanning was started 20 
minutes after intravenous injection of 400 MBq of 11C-TYR. Attenuation-corrected emission 
scans were made over a total length of approximately 40 cm, covering the head-neck area. At 
the end of the 11 C-TYR PET scan, 400 MBq 15F-FDG was administered, and after a waiting period 
of 90 minutes data acquisition of the 18F-FDG -PET was started over the same area. The studies 
were performed on an ECAT EXACT FIR + scanner (Siemens, Knoxville, TN). 
11CYR was produced via a modified microwave-induced Bücherer-Strecker synthesis. Synthesis 
time was 40 minutes, including high- performance liquid chromatography (HPLC) purification 
and testing for sterility. The radiochemical purity was >99%. 
2F-FDG was routinely produced by a robotic system after the procedure, as described by 
Hamacher et al.22 
 Radiochemical and chemical purity were verified by HPLC. 18 F-FDG met the 
USP XXII requirements. 
Histopathology 
Specimens obtained from excision of the primary tumor and neck dissections were stretched 
out on a polystyrene pad and the coordinates were marked, using colored pins, immediately 
after removal by the surgeon. From the specimen all lymph nodes were studied on an indi-
vidual basis, using haematoxylin-eosin staining. From each lymph node the largest diameter 
was measured. All lymph nodes were cut in 1 or more slices of 2 mm, depending on the size 
of the lymph node, and all slices were examined for the presence of tumor and extranodal 
spread. From each cervical metastasis the largest diameter was measured. Classification of the 
primary tumor and regional lymph node metastases was based on the TNM classification of the 
Union Internationale Contre le Cancer (UICC, 2002) and American Joint Committee on Cancer 
(AJC, 1989). 
Data analysis 
PET images were displayed in coronal, sagittal, and transaxial projections on a computer 
display using standard ECAT software and were interpreted visually by two nuclear medicine 
physicians. Visual analysis was graded as positive when high 1 C-TYR or 18F-FDG uptake was 
observed as a focal hotspot on a location without known high physiologic uptake; otherwise, 
the scan was interpreted as negative for malignancy. 
Using histopathology as the gold standard, sensitivity and specificity of 11 C-TYR PET and 8F-FDG 
PET for detection of the primary tumor and lymph node metastases were calculated. If no neck 
dissection had been performed at the contralateral neck site, follow-up of minimal 2 years was 
used to calculate sensitivity and specificity. 
Results 
Primary tumor 
Tumor localization and pathological stage are shown in Table 1. Both 8F-FDG PET and eCTYR 
PET detected the SCC at the primary site in 25 out of 27 patients. The primary tumors not 
detected by 18 F-FDG PET and 1 C-TYR PET were the same 2 tumors: 1 appeared to have been 
excised in total during biopsy (7x6x5mm); the other was a superficial Ti tumor (4x4x2mm) 
localized in the floor of the mouth. Consequently, the resulting sensitivity was 96% for both 
techniques. Although both techniques were shown to be able to detect most SCC tumors of 
the oral cavity and oropharynx, the 8F-FDG image was easier to interpret than was the 11 C-TYR 
image because of the better tumor-to-background ratio in the 15F-FDG PET scans. 
Neck 
In all, 36 neck dissections (13 modified, 23 supraomohyoidal) were performed with a median of 
5 (range I to 22) days after the PET study. There was evidence of a positive neck on histology 
in 15 neck sites in 12 patients. Detailed data for each patient are given in Table 1. Ten of the 
15 positive neck sites were positive for 18F-FDG uptake, whereas 11C-TYR uptake was seen in 5 
of these 15 positive neck sites. All cervical metastases with increased 1C-TYR uptake exhibited 
concordant 18F-FDG accumulation, and no additional lesion could be identified with 11 C-TYR PET. 
In the 39 neck sites without cervical metastases, 18 F-FDG PET showed increased 18F-FDG uptake 
in 1 patient. No explanation could be found for this false positive result. No increased 11 C-TYR 
uptake was seen in these negative neck sites. The sensitivity and specificity for detecting 
cervical metastases of 18F-FDG PET and 11C-TYR PET are shown in Table 2. In the 5 neck sites in 
which 8F-FDG PET was true positive and 11C-TYR PET was false negative, the metastases were 
located near salivary glands and were camouflaged by the high uptake of C-TYR in these glands 
(Figure 1), except for 1 cervical metastasis in which no 11 C-TYR uptake was found (Figure 2). 
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I%m 
Maximal diameter 
Location primary (mm) of largest "F-FDG "C-TYR 
Patient Sex Age tumor TN stage Neck treatment metastases PET PET 
L R L R L 9 L R 
1 M 48 Trig. retromolare T4N1 MRND 8 - - - 
2 M 44 S.glossopharyngeus T2N2b MRND SONG 4 - - - - 
3 M 80 Oral tongue T2NO SOND SOND - - - - - - 
4 M 66 Trig. retromolare T4112b MRND 14 - * - * 
M 63 Oral tongue T2NO SOND - - - - - 
6 F 62 Floor of mouth T2N2c SOND SONG 6 2 - - 
7 N 60 Floor of mouth TiNIO SONG - - - - 
8 F 56 Oral tongue T2NO SOND - - - - - 
9 N 53 Trig. retromolare T3NO MRND - - - - 
10 F 51 Floor of mouth T1NO SONG - - - - - 
11 M 49 Oral tongue T1 NO SOND - - - - - 
12 N 50 Gum mandible T4N2b MRND 4 - * - - 
13 N 70 Trig. retromolare T4N2b MRND 22 - - 
14 M 66 Floor of mouth T4N2b MRND 14 - - 
15 M 59 Floor of mouth T1NO SONG SONG - - - - - - 
16 N 59 Floor of mouth T4NO MRND - - - - - 
17 F 57 Floor of mouth T4N2c SOND SONG 9 3 - - - - 
18 N 57 Oral tongue T2N2b MRND 17 - - - 
19 M 55 Gum mandible T4N1 MRND 5 - - - 
20 F 77 Gum mandible T4NO SOND - - - 
21 F 53 Base of tongue T3NO SONG - - - - - 
22 N 52 Floor of mouth T4NO SONG MRND - - - - - 
23 N 45 Oral tongue T3NO SOND SONG - - - - - 
24 N 46 Floor of mouth TINO SOND SOND - - - - - - 
25 M 35 Oral tongue TINO SONG - - - - - 
26 F 65 Oral tongue T31,12b MRND 4  
27 M 58 Floor of mouth T4N2c SONG MRND 10 12  
Abbreviations: "F-FOG, 2-[11F] fluoro-2.deoxy-O-glucose; PET, positron emission tomography; "C-TYR, L- 1-f"C]-tyrosine; TN, 
TN classification; SOND, supraomohyoid neck dissection; MRND, modified radical neck dissection; L, left neck site; R, right 
neck site. 
based on histology. 
TP FN TN PP Sensitivity (Cl) Specificity (Cl) Accuracy (Cl) 
"F-FOG PET 10 5 38 1 67% (42-85) 97% (87-100) 89% (78-95) 
"C-TsR PET 5 10 39 0 33% (15-58) 100% (91-100) 82% (69-90) 
Abbreviations: "F-FOG, 2-[11F]fluoro-2-deoxy.O-glucose; PET, positron emission tomography; "C-TYR, L-1-["Q-tyrosine; TP, 
true positive; FN, false negative; TN, true negative; FP, false positive; Cl, 95% confidence interval. 
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Fig. I Patient 4. The cervical metastasis (arrow) is clearly visualized by 2.[1I F]fluoro-2-deoxy-O-glucase positron emission 
tomography ("F-FOG PET) in both overview (A) and transaxially (C). L-l- ["C]-tyrosine ("C-TYR) PET (B, 0) exhibits high 





Fig. 2 Patient 27. Primary tumour in oral cavity visualized by both "F-FOG PET (A) and "C-TYR PET (B). 18F FOG PET shows 
increased "F-FOG uptake in the cervical metastasis (A, arrow), whereas 'C-TYR PET (B) reveals no abnormal "C-TYR uptake, 
missing this metastasis. 
Discussion 
Although 'C-TYR PET was shown to be comparable to °F-FDG PET with regard to primary tumor 
detection and even more specific regarding nodal staging, its sensitivity in detecting cervical 
lymph nodes was poor (33% versus 67% for 8F-FDG PET). This limits the use of 11C-TYR PET in 
the diagnosis of regional metastases of head and neck 5CC. 
So far, C-TYR has been used successfully in detection and quantification of a variety of nonoral 
tumors and has even proved to be superior to 16F-FDG in some studies.23-26 In the present study, 
good results for detecting the primary tumor with 1 C-TYR PET were also found, similar to 
16FFDG PET results. Unfortunately, TYR-PET was not adequate in detecting cervical metastases. 
In all our patients, a high uptake of 11C-TYR in the salivary glands impaired the analysis of PET 
images, especially when the metastases were located close to these structures (Figure 1). The 
high uptake of 11C-TYR in the salivary glands can be explained because of its incorporation into 
secretory proteins that are synthesized in large amounts in salivary glands. The camouflaging 
of cervical metastases by salivary glands is a very relevant observation, in that submandib-
ular lymph nodes are the major first nodal echelons of tumors arising in the oral cavity and 
oropharynx. These lymph nodes are located closely to salivary glands and are therefore difficult 
to detect by C-TYR PET (Figure 1). On the contrary, 16F-FDG PET accumulated to only a minor 
extent in parotid and submandibular glands and thus had a significantly less camouflaging effect 
on detecting cervical metastases in the vicinity of salivary glands. 
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23 N 45 Oral tongue T3NO SOND SONG - - - - - 
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27 M 58 Floor of mouth T4N2c SONG MRND 10 12  
Abbreviations: "F-FOG, 2-[11F] fluoro-2.deoxy-O-glucose; PET, positron emission tomography; "C-TYR, L- 1-f"C]-tyrosine; TN, 
TN classification; SOND, supraomohyoid neck dissection; MRND, modified radical neck dissection; L, left neck site; R, right 
neck site. 
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Fig. 2 Patient 27. Primary tumour in oral cavity visualized by both "F-FOG PET (A) and "C-TYR PET (B). 18F FOG PET shows 
increased "F-FOG uptake in the cervical metastasis (A, arrow), whereas 'C-TYR PET (B) reveals no abnormal "C-TYR uptake, 
missing this metastasis. 
Discussion 
Although 'C-TYR PET was shown to be comparable to °F-FDG PET with regard to primary tumor 
detection and even more specific regarding nodal staging, its sensitivity in detecting cervical 
lymph nodes was poor (33% versus 67% for 8F-FDG PET). This limits the use of 11C-TYR PET in 
the diagnosis of regional metastases of head and neck 5CC. 
So far, C-TYR has been used successfully in detection and quantification of a variety of nonoral 
tumors and has even proved to be superior to 16F-FDG in some studies.23-26 In the present study, 
good results for detecting the primary tumor with 1 C-TYR PET were also found, similar to 
16FFDG PET results. Unfortunately, TYR-PET was not adequate in detecting cervical metastases. 
In all our patients, a high uptake of 11C-TYR in the salivary glands impaired the analysis of PET 
images, especially when the metastases were located close to these structures (Figure 1). The 
high uptake of 11C-TYR in the salivary glands can be explained because of its incorporation into 
secretory proteins that are synthesized in large amounts in salivary glands. The camouflaging 
of cervical metastases by salivary glands is a very relevant observation, in that submandib-
ular lymph nodes are the major first nodal echelons of tumors arising in the oral cavity and 
oropharynx. These lymph nodes are located closely to salivary glands and are therefore difficult 
to detect by C-TYR PET (Figure 1). On the contrary, 16F-FDG PET accumulated to only a minor 
extent in parotid and submandibular glands and thus had a significantly less camouflaging effect 
on detecting cervical metastases in the vicinity of salivary glands. 
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Only a few studies have dealt with the nodal staging with natural amino acids in head and neck 
SCC.2027,28 Lindholm et al. compared L- [methyl-11C] methionine (11C-MET) to 18F-FDG in the same 
patients and showed that both tracers detected ii of the 12 neck metastases. 
 11  However, the 
neck metastases were known to be large, based on biopsy and not on a neck dissection, which 
could mean that smaller metastases were missed. They also found high uptake of amino acids 
by the salivary glands, but mentioned it as a probable advantage because of providing clear 
landmarks and thus facilitating more precise Localizing of the primary tumor. The latter is not 
an important issue yet, as PET and CT are often combined nowadays. 
In contrast to a sensitivity of 33% with 11C-TYR for nodal staging in the present study, a previous 
report, which did not compare 1C-TYR to 8F-FDG, showed 11C-TYR sensitivity of 83%.20  The 
difference in sensitivity between these studies probably arises from the difference in charac-
teristics of the cervical metastases such as tumor size and localization. In the current study, 
the sensitivity of not only 11C-TYR PET, but also 8F-FDG PET was lower than expected because 
of metastasis size below PET resolution and because of proximity to the primary tumor, which 
probably rendered delineation of the metastases impossible. Nevertheless, the high uptake in 
salivary glands was also mentioned as a severe drawback of the 1C-TYR PET technique and a 
cause of false negative results. 
All natural amino acids can potentially be labeled with the radionuclide carbon-1 1. 11C-radio-
labeled natural amino acids differ in ease of synthesis, biodistribution, and formation of radio-
labeled metabolites in vivo. For these reasons, mainly 11C-MET and 1 C-TYR have been studied 
clinically in head and neck cancer. Like 1C-TYR, 1C-MET has been shown to be useful in PET 
imaging of head and neck cancer for detecting primary tumors and follow-up.2731  The compli-
cated metabolism of 11C-MET has made it impossible to construct a precise metabolic model with 
consequent effect on quantification 
 .21 1C-TYR appeared to be more promising than 11C-MET to 
assess the protein synthesis rate in cancer cells. With C-TYR close relationships were observed 
between protein synthesis rate and standardized uptake value (SUV) and between length of 
survival and protein synthesis rate .32,  
Next to natural radiolabeled amino acids artificial radiolabeled amino acids can be used. 34 
Because of the short physical half-life of the 11C Label (20 minutes), the use of natural amino 
acids in PET diagnostics remains restricted to a few PET centers with a cyclotron on site, 
and cannot become established in routine clinical practice. The longer half-life of fluorine-18 
(110 minutes) is compatible with remote distribution to sites without a cyclotron and multiple 
dose formulation over time, as exemplified by the widespread clinical use of 8F-FDG. Amino 
acids labeled with fluorine-18 and iodine-123 (half-life 13.2 hours) such as 0-2- [18F]-fluoro-
ethyl-L-tyrosine (18F-FET), L-3-[18F]-fluoro-a-methyltyrosine (18F-FMT), and L-3- [1231]iodo-
a-methyltyrosine (IMT) are under investigation to overcome the logistic disadvantages of 
1C-labeled amino acids. These fluorine-18 or iodine-123 labeled amino acids are nonnatural 
amino acids because none of the naturally occurring proteogenic amino acids contains fluorine 
or iodine. Flamen et al.35 used IMT for single-photon emission computed tomographic (SPECT) 
imaging, and reported a detection of regional metastatic lymph nodes of 53%. High uptake in 
the submandibular glands was also the reason for the low sensitivity. In 2 studies, 18F-FET and 
18FFMT were compared with ThFFDG 
 in patients with head and neck cancer.36' 37 
 No 18F-FET and  
18F-FMT uptake was noted in the salivary glands because both tracers were not incorporated 
into the secretory proteins, which could be an advantage compared to incorporation of amino 
acids like C-TYR and 11C-MET in these proteins. Unfortunately, no increased FET uptake could 
be identified in any of the lymph node metastases (n=5), in contrast to 16F-FDG. FMT was more 
promising: in ii of 14 metastatic nodes increased uptake was seen in contrast to 13 in 8F-FDG 
PET. Although F-FET and 18F-FMT PET showed a lower sensitivity, both resulted in fewer false 
positive results as the result of low uptake in inflammatory lesions. In a study using [N-methyl-
C]a-methylaminoisobutyric acid (C-MeAIB), a carbon-li  labeled artificial amino acid, in 13 
patients with known head and neck cancer, increased uptake was observed in all known lesions 
including cervical metastases.38 However, the 7 neck metastases were known to be large, and 
smaller metastases could have been missed because no routine neck dissection was performed. 
Moreover, high accumulation of C-MeAIB was found in the salivary glands, which could impair 
the analysis of PET images. Based on these literature data, we feel that our findings with 
11CYR can be extrapolated to other natural and artificial amino acids, which show uptake in 
the salivary glands, and consequently these labeled amino acids do not have a role in nodal 
staging in head and neck SCC. On the contrary, artificial radio labeled amino acids that do not 
show a high uptake in salivary glands could be promising, but are unfortunately not yet suitable 
for reliable detection of cervical metastases. 
The introduction of hybrid PET/CT imaging makes it possible to sequentially acquire PET and 
CT in a single imaging session, providing excellent spatial resolution with fusion of anatomic 
and metabolic data.14 The combination of C-TYR PET with CT might improve the detection of 
cervical metastases camouflaged by the salivary glands because cervical metastases can also be 
identified on radiotogic criteria such as central necrosis and lymph node size. However, PET/CT 
detection of a cervical metastasis without suspicious radiologic criteria will be compromised by 
increased C-TYR uptake in salivary glands. 
Conclusion 
In this study, the diagnostic value of C-TYR PET for detection of cervical metastases of SCC of 
the oral cavity or oropharynx was compared with that of 18F-FDG PET in the same patient in a 
prospective way. Although the number of cases was limited, we conclude, that because of the 
bilateral accumulation of C-TYR in the salivary glands, detection of lymph node metastases, 
especially in level lB and II, is impaired. Therefore, 11C-TYR PET is not suitable to replace 
8F-FDG PET in staging SCC of the oral cavity or oropharynx. The authors' opinion is that this will 
also be the case for other radiolabeled amino acids, which show high uptake in salivary glands. 
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Introduction 
Accurate initial staging of head and neck squamous cell carcinoma (HNSCC) is essential for 
adequate treatment planning and prognosis.',' Although radiological imaging modalities such as 
CT, MRI, and ultrasound with or without fine needle aspiration provide a much more accurate 
staging than physical examination only, there is still a need for improvement.' Positron Emission 
Tomography (PET) with the radiopharmaceutical fluorine-18 fluorodeoxyglucose (18F-FDG) has 
been shown to be complementary to CT and MRI, or even to demonstrate a greater accuracy 
than anatomical imaging methods in the initial staging of HNSCC.46 18F-FDG PET may offer 
advantages over anatomic imaging in the assessment of primary tumors and cervical metas-
tases, as it can detect both without anatomical deformation. The advantage of whole-body 
18FFDG PET is its high sensitivity in detecting distant metastases and second primary tumors in 
any part of the body in a single diagnostic modality.7'8 
The use of 18F-FDG PET has been reported to have a significant impact on patient management 
in HNSCC patients who are initially staged by conventional imaging modalities: i.e. adequate 
staging of local and regional disease, identifying distant metastases and synchronous malignan-
cies and, thereby, avoiding non-beneficial treatment.' CT and MRI, however, remain the first 
choice for staging HNSCC. The main reasons are the lack of spatial resolution and the poor 
delineation of anatomic landmarks by 18F-FDG PET. Anatomical imaging is required to deter-
mine the site and extent of the primary tumor and its relationship with anatomical structures, 
to localize for biopsy and for treatment planning. Therefore, 18F-FDG PET is thought to be a 
complementary rather than an alternative diagnostic tool for staging HNSCC in certain indica-
tions, for example in advanced HNSCC, due to the relatively high probability of regional and 
distant metastases in advanced-stage disease. 10 
The introduction of integrated PET/CT makes it possible to sequentially acquire PET and CT 
in a single imaging session, providing excellent spatial resolution with fusion of anatomic and 
metabolic data. In head and neck cancer, PET/CT has shown to be of value given the complex 
anatomy and the presence of multiple normal structures with variable intensity 18F-FDG-uptake 
(e.g. lymphoid tissue, salivary glands, and muscles). However, usually PET/CT is performed 
without a contrast-enhanced diagnostic CT component and the results were rarely validated by 
histopathologic findings of neck dissection specimens. 
The aim of this study was to evaluate the value of integrated PET/ contrast-enhanced CT (PET! 
CECT) in the initial staging of oral and oropharyngeal 5CC (005CC). For each PET/CECT result, 
the separate contribution of both its radiologic criteria and focal pathologic 18F-FDG-uptake 
was assessed. 
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Patients 
All patients with a primary diagnosed 005CC between July 2005 and June 2009, who underwent 
tumor resection and neck dissection as primary treatment, were included. All these patients 
underwent whole-body 18F-FDG PET/CECT for initial staging. The study population consisted of 
73 consecutive patients. There were 25 women and 48 men, with a median age of 63 years. 
PET/CT acquisition and processing 
A Biograph 6 LSO HI-REZ hybrid PET/CT scanner was used (Siemens Medical Systems Inc, 
Hoffman Estates, IL, USA). Patients had a carbohydrate restricted diet for one day before the 
PET/CT investigation, to decrease the uptake in the myocardium.12 In order to provide a useful 
bowel distension, while avoiding contrast material induced PET artifacts, a solution containing 
0.2% locust bean gum and 2.5% mannitol was used as an oral contrast agent.13 The patients 
fasted for 6 h prior to the injection of 4 MBq/kg bodyweight of 18 F-FDG, with a maximum 
of 333 MBq. Ninety minutes after 18F-FDG administration, the data acquisition of the fully 
optimized diagnostic CT was started, with intravenous administration of 120 ml Optiray 300. A 
3-dimensional total-body PET was acquired, with the patient in supine position, with the arms 
upwards. The field of investigation included skull base to upper legs in seven 3-minute bed 
positions. In addition, a 6-minute bed position with the arms downwards was made of the head 
and neck area. Attenuation correction was based on CT data. The CT parameters were 95 kV 
(Q ref. mAs care dose 4D), slice thickness varied from 0.6, 1.25, 3.0 to 5.0 mm, collimation 6 
x  mm and pitch 1.33. 
PET images were reconstructed iteratively using ordered-subset expectation maximization 
software. PET, CT and fused PET/CT images were displayed as non-corrected and attenuation-
corrected images and in a rotating maximum-intensity projection. 
Image interpretation 
All studies were interpreted and reviewed with knowledge of the patient's clinical history. 
PET/CECT scans were assessed by 2 experienced reviewers, a nuclear medicine physician and 
a radiologist. A site of increased F-FDG uptake was defined as negative and unrelated to 
cancer when it was located in an area of the physiologic biodistribution of the tracer or in a 
known non-malignant process. A focus of increased 18F-FDG uptake, with intensity higher than 
that of surrounding tissues in areas unrelated to physiologic or benign processes, was defined 
as positive. The contrast-enhanced CT component of the PET/CT was classified as negative or 
positive for malignancy. Cervical lymph nodes were considered metastatic if central necrosis or 
irregular contrast enhancement were present, an axial diameter >1.0 cm, a round shape, or a 
cluster of three or more lymph nodes of borderline size.14 Both, the nuclear medicine physician 
and the radiologist, made a separate report of their findings of the primary tumor, the presence 
of cervical metastases and second primary tumors. 
Surgical procedure and histology 
All patients underwent surgical resection of the primary tumor and a neck dissection. Bilat- 
eral neck dissection was performed in patients with a primary tumor involving the midline or 
with bilateral clinical or radiological positive lymph Ti lIly vi. ________________ 
nodes. All lymph nodes in the specimen were studied Primary tumor site 
on an individual basis. From each lymph node the Oral cavity 53 
largest diameter was measured. All lymph nodes Oropharynx 20 
were cut in one or more slices of 2 mm, depending pT-classification 
on the size of the lymph node, and all slices were Ti 9 
examined for the presence or absence of tumor. T2 36 
T3 Ii 
Reference standard/ statistical T4 17 
analysis pN-classification 
PET/CT findings were validated by histological NO 40 
specimens obtained during tumor resection and NI 14 
neck dissection. If no bilateral neck dissection was N2a 2 
performed, the contralateral neck results were N2b 12 
compared to patient follow-up. Data were analyzed N2c S 
with the SPSS statistical package (SPSS Windows, Stage 
version 16.0). Sensitivity and specificity of PET/CECT 
were calculated for detecting the primary tumor, II 23 
cervical metastases per neck side and for distant 
iii 15 
disease. In each PET/CECT finding, the contribution IV 30 
of the CT and PET criteria was assessed. 
Results 
Tumor location, pathological TN classification and stage are listed in Table 1. In total 102 neck 
dissections were performed in 73 patients: 57 selective and 44 modified radical neck dissections 
and 1 radical neck dissection. Follow-up ranged from 6-43 months with a median of 24 months. 
The PET and CT criteria of PET/CECT differed in their detection of the primary tumor, regional 
metastases, and second primary tumors in 39 of the 73 patients (53%). 
Primary tumor 
In three patients PET/CECT could not identify the primary tumor resulting in a sensitivity of 
96%, these included a T1 (11 x 5 mm) SCC of the tongue and two T1 (11 x 45 mm and 5 x 5 mm) 
of the floor of mouth. Nine primary tumors with focal pathological 18F-FDG uptake, were not 
identified based on radiologic criteria. In three of these 9 patients tooth restorations impaired 
the detection of the primary tumor by radiologic criteria. 
Neck 
Cervical metastases were present in 38 neck specimens in 33 patients. In 4 patients PET/CECT 
showed a false negative result, 3 of which were sized !~5mm (Table 2). PET/CECT showed a 
sensitivity per neck side of 89%. PET/CECT showed a false positive result in 21 of the 108 nega-
tive neck sides resulting in a specificity of 81%. The accuracy is 83%. In table 3 the results are 
shown, stratified by the clinical stage of the SCC. In table 4 and 5 the true positive and false 
positive results are presented by 18F-FDG-uptake and radiologic criteria. 
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1%I  
Location Maximal diameter (mm) 
NO Sex Age tumor site pTN Neck treatment of largest tumor deposit PET/CECT 
L R L R L R 
1 F 49 Floor of mouth T4N2c MRND MRND B 36 pos pos 
2 F 83 Gum mandible T4N1 SND 3  pos neg 
3 M 59 Foss> tonsillaris T2N21b MRND 20 neg Pos 
4 M 69 Floor of mouth T2111 MRND 5 nag pos 
5 F 70 Tongue T21,1I SND 3  pos pos 
6 F 59 Tuber maxillae T2N2a MRND 33  pos neg 
7 F 81 Gum mandible T3111 SND 0.25 nag eeg 
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L, left; R, right; MRND, modified radical neck dissection; 5MG, selective neck dissection; none, no cervical metastasis in neck 
specimen; eeg,  negative for malignancy; pas, positive for malignancy 
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Figure 1. Patient with T2 SCC of the oral floor and a cervical lymph node metastasis (white arrow). CECT (A) shows a cervical 
lymph node sized 8 mm not suspect for malignancy by radiologic criteria alone. PET (B) and PET/CECT (C) demonstrates 
'FFDGuptake in the small lymph node suggesting malignancy. 
Figure 2. Patient with T2 SCC of the oral floor without cervical metastases. CECT (A) shows a spherically shaped 8 mm 
lymph node suggesting metastasis by radiologic criteria. The cervical lymph node does not show "F-FOG-uptake (B, C) 
Thirty-seven of the 73 patients were clinically staged as NO (physical examination) before they 
underwent PET/CECT. In this NO subgroup 11 neck sides showed cervical metastases in 10 
patients. PET/CECT detected 7 (7 patients) of the 11 positive neck sides resulting in a sensi-
tivity per neck side of 64% and showed a specificity of 81% in the NO subgroup. 
Second primary tumor 
PET/CECT detected 5 of the 6 patients with a second primary tumor: a SCC of the soft palate 
(Ti), a Grawitz tumor, a neuroendocrine tumor, a prostate and a rectum carcinoma. High focal 
18F-FDG uptake gave direction to recognition of the neuroendocrine tumor, soft palate and 
rectum carcinoma. PET/CECT was false negative for lung metastases and an oesophagus carci-
noma that were diagnosed after half a year and 1 year, respectively. PET/CECT showed 5 false 
positive results for a second primary tumor: false positive results were found for the tonsil and 
base of tongue addressed to high °F-FDG -uptake without anatomical substrate on CT, in the 
tongue base severe dysplasia was found. PET/CECT was false positive for the lung: mediastinal 
lymfadenopathy and an intraputmonal hyperdensity (8.4 mm) without 18F-FDG-uptake. Two 
false positive results were found for sigmoid carcinoma: both patients had high 18F-FDG-uptake 
in the sigmoid with minimal radiologic substrate. Histopathologic examination showed a small 
adenoma in both cases. Table 6 shows the true negative PET/CECT results in which '8F-FDG-
uptake and radiologic criteria differed. 
Discussion 
In this retrospective study PET! contrast-enhanced CT performed well in the initial staging 
of 005CC. The use of integrated PET/CECT could have several advantages. In most PET/CT 
studies, the CT scan portion is a non-optimized head and neck CT and a separate dedicated 
and fully optimized head and neck CT scan was performed.ls 
 In this setting PET/CT can 
cause logistic problems and is time consuming for both patient and clinician because of the 
need of performing an extra imaging modality. Also the accuracy of PET/CT will be less with 
a non-optimized low dose CT increasing mainly specificity. This study suggests that PET/CECT 
will overcome these drawbacks and an additional diagnostic CT will be superfluous, which 
saves radiation dose. A prerequisite is that the quality of the CT protocol of PET/CECT and the 
anatomical CT information provided, have to be equivalent to that of a dedicated fully opti-
mized head and neck CT. 9 To gain optimal information of PET/CECT images, it is important to 
have the PET/CECT scans, based on 8F-FDG uptake and radiologic criteria, interpreted by both 
a radiologist and a nuclear medicine physician. 
substrate is suspect for a false positive result, although malignancy could not be ruled out. 
The advantage of 18F-FDG PET/CT is the synergy of metabolic and anatomic imaging .2021 
 The In table 3 is shown that in clinically staged I tumors no difference was found between 18FDG- 
possible added value of PET/CECT over CT alone is suggested in the current study, as radio- uptake and radiologic criteria, indicating that 18F FOG PET has probably little added value 
logic criteria and 18F-FDG uptake differed in 39 of the 73 patients (53%), despite the fact that over CECT alone in the detection cervical metastases whereas in more advanced tumors the 
radiologic criteria and 18F-FDG uptake were assessed together (Fig. 1, 2). Contradictory results added value in detecting cervical metastases is more clear also bearing in mind the benefit of 
between radiologic criteria and 18F-FDG uptake may result in an increase of the detection of detecting distant metastases. However, radiologic criteria and 18F-FDG uptake can corroborate 
malignancy but are also useful to correct potential false positive results by one of both studies each other when no difference exists. When 8F-FDG uptake confirms the findings by radiologic 
(Table 6). CT abnormalities (anatomical substrate) with or without 10E-FDG -uptake could criteria and vice versa, it increases the clinician's confidence in decision making for treatment 
differentiate between for example a cyst or metastasis. 18F-FDG-uptake without anatomical planning.  11,11,11  
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In the initial staging of 005CC, the added value of PET/CT over CT alone is mainly it's ability 
to detect cervical and distant metastases/ second primary tumors more accurate,7'817 However, 
in the detection of cervical metastases the role of PET/CT remains controversial. Stand-alone 
8F-FDG PET is either complementary or even shows a better performance in detecting cervical 
metastases compared to CT or MRI.45'74, The accuracy of 18F-FDG PET in detecting cervical 
metastases though, is not optimal as small cervical metastases can be missed, especially 
concerning the clinically NO neck.2528 Although several studies showed that PET/CT is more 
accurate in staging compared to CT, PET or MRI alone, '1719'28 data available on the value of 
PET/CT in detecting cervical metastases are scarce.'  6,18,29-33  Most studies include small groups, 
heterogeneous malignancies, PET/ Low-dose CT, PET/without contrast-enhanced CT or no histo-
logical confirmation of neck dissection specimens. In the current study PET/CECT missed 4 
cervical metastases with a diameter of 2, 3, 5 and 10mm, respectively, resulting in a sensitivity 
of 89%. PET/CECT showed a sensitivity of 64% and 100% in the clinical NO and N+ neck, respec-
tively. Missing small cervical metastases is in accordance with other PET/CT studies  .3',31  Despite 
its high accuracy, PET/CECT might thus not be a substitute for diagnostic neck dissections 
when the primary cancer has a high propensity for neck metastasis, such as advanced tumors. 
Nevertheless, the negative predictive value in the NO group was 93%, which indicates that a 
negative PET/CECT has a chance of 7% of bearing an occult cervical metastasis, which is below 
the 20%, the general accepted risk for a watchful waiting policy.34 However, there is a possible 
bias because of the high number of true negative results for cervical metastases.28 
Although the nature of this study is not suitable to present a guideline, the results show how 
to interpret 18F-FDG -uptake in lymph nodes considered normal based on radiologic criteria, 
except for size (Table 4, 5), as clear criteria are lacking for the interpretation of fused PET/CT 
images. This study showed that lymph nodes with a normal aspect and a diameter of >11mm 
on CT without 18F-FDG-uptake might not harbour tumor, although one metastasis between 
11-15mm was missed (Table 4, 5). One small Lymph node (5-7mm) with a normal shape on CT 
with increased 18F-FDG-uptake did not harbour tumor (Table 5). Lymph nodes between 8-10 mm 
with normal shape and 8F-FDG-uptake, could harbour tumor or not (Fig. 1, 2). 
In conclusion, this study shows that the use of diagnostic PET/CECT as a one step examination 
is a reliable alternative for PET/CT in combination with a separate diagnostic CT in patients 
with OOSC for initial staging. The need for treatment of the neck in the clinically negative neck 
should not be based on PET/CECT results only, due to the risk of missing small metastasis. PET! 
CECT seems to be indicated for the initial staging of patients with advanced staged OOSCC. 
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Despite aggressive combined-modality treatment regimens with curative intent (surgery or 
radiotherapy or chemotherapy), the locoregional recurrence rate in advanced head and neck 
squamous cell carcinoma (HNSCC) remains high, up to 45% of the patients.' Most recurrences 
occur within the first 2 y after treatment.' The initial stage of the tumor has been shown 
to affect the recurrence rate, with stages Ill and IV having an increased recurrence risk as 
compared with stages I and 11.3  Distant metastases are less frequently occurring, but neverthe-
less they are reported in approximately 5-10% of the HNSCC patients. Oropharyngeal SCC more 
regularly gives rise to distant metastases than SCC from the oral cavity.4 In addition, the risk 
of a new primary cancer developing in these patients is significantly increased and increases 
with time.56 
In the cases for which tumor recurrence is identified, it is often beyond the stage of salva-
tion. Curative salvage treatment of recurrences and treatment of second primary tumors are 
possible only if lesions are small and the salvage treatment that is needed is not limited by the 
earlier performed therapy. Early recognition of recurrent disease and second primary tumors 
during thorough follow-up may allow early salvage treatment and may potentially confer a 
survival advantage.' 
Effective posttreatment surveillance of HNSCC recurrence is a diagnostic challenge. Postop-
erative and postradiation changes in the normal tissues may obscure the early detection of 
recurrence, when conventional follow-up approaches such as clinical assessment, CT, MR], and 
endoscopic examination are applied. 8F-FDG PET offers a tool that enables the early detec-
tion of HNSCC recurrences. 15F-FDG PET can distinguish recurrent HNSCC from posttreatment 
changes and is more effective in detecting recurrent tumors than physical examination, CT or 
MRI.813 However, in most of these studies, the objective was to assess the ability of 18F-FDG PET 
to visualize a recurrence that was clinically already highly suspected. 
F-FDG PET as a sequential diagnostic tool, independent of whether recurrence is suggested, 
has been investigated to limited extent. Most of the studies available evaluated the ability of 
18FFDG PET to assess the response of the primary tumor and nodal metastases to radiotherapy 
or chemotherapy within 2 mo after therapy.  1418 The impact of 18F-FDG PET on subsequent 
management may be different when searching for cancer recurrence rather than for tumor 
response. Currently, no consensus exists regarding interval and frequency of PET scans for 
surveillance of recurrence in HNSCC in subclinical patients after treatment. 
The purpose of this study was to evaluate the role and timing of 18F-FDG PET scans as a routine 
surveillance tool for detecting early tumor recurrence, distant metastases, and second primary 
tumors in patients treated for advanced SCC in the oral cavity or oropharynx after completion 
of their curative treatment. 
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The outcome of either biopsy or additional diagnostic procedures was the gold standard to 
compare with positive results of regular follow-up or a 18F-FDG PET-scan. 
18FFDG PET acquisition and interpretation 
All patients had to fast for at least 5 h before undergoing 8F-FDG PET. 18F-FDG was administered 
intravenously ( 4-5 MBq/kg). After an uptake period of 90 minutes, PET emission data were 
acquired from halfway up the femur to the skull base. Two devices were used: an ECAT EXACT 
HR + scanner (Siemens CTI), which acquires 63 planes over 15.5 cm, and a Biograph 6 PET/CT 
scanner (Siemens), which acquires 81 planes over 16.2 cm. The measured resolution of both 
systems is 4-5 mm in full width at half maximum transaxially in the center of the field of view. 
On both systems, attenuation-corrected images were obtained, either from low-dose CT-data 
or from a 58Ge/ 68Ga-ring source. CT images were used for attenuation correction only. 
Two nuclear medicine physicians, both experienced in PET, visually evaluated all PET images 
independently. They were unaware of the findings of the current regular follow-up. In the case 
of a second, third, or fourth scan, the nuclear medicine physicians had access to all available 
clinical data at the time of previous scans, including the results of the previous regular follow-
up and of morphological imaging but not of the regular follow-up at the time.of the current 
scan. The level of confidence in image interpretation was graded using a 5-point grading system 
(0, definitely no tumor; 1, probably no tumor; 2, equivocal; 3, probably tumor; 4, definite 
tumor). On a case record form, the results of each scan were divided into 3 regions: primary, 
neck, and distant. In the final analysis, grades 2, 3 and 4 were considered positive. In the case 
of discrepancies, consensus was aimed for. If no consensus could be reached, a third indepen-
dent nuclear medicine physician made the final assessment. 
Impact of 18F-FDG PET on patient management 
If a recurrence or second primary tumor was suggested by regular follow-up or 18F-FDG PET, or 
both, a new diagnostic strategy was applied to the patient. The extent to which 8F-FDG PET 
and regular follow-up led to changes in management was compared. If the recurrence or second 
primary tumors could be confirmed within the study period, the change in management was 
considered to have been appropriate; otherwise it was considered to have been superfluous. 
The number of detected recurrences or second primary tumors by 18F-FDG-PET and the regular 
follow-up were compared and treatment strategies were assessed. 
Statistics 
A sample size of 40 patients was initially planned. It was estimated that 40% of the patients 
would have recurrences or second primary tumors. Assuming that 18F-FDG PET had a sensi-
tivity of 80% or 90%, the corresponding 95% confidence intervals would be 57%-93% or 71%-99%, 
respectively.  Drop-out was estimated at 20% of all included patients; consequently, 48 patients 
were required. 
Sensitivity, specificity, and negative and positive predictive value of 18F-FDG PET and regular 
follow-up were calculated on the basis of comparison with the gold standard or with a minimal 
6-mo relapse-free time after PET4 (which refers to PET performed at 12 mo after therapy) with 
Material and methods 
Patients 
This prospective study was conducted at the University Medical Center Groningen and the 
Medical Center Leeuwarden, The Netherlands. Consecutive patients who had been treated 
curatively for an advanced (stage III and IV) SCC of the oral cavity or oropharynx were included 
after completion of their treatment (TO). The patients had to complete a follow-up of at Least 
18 mo after TO. Not eligible for inclusion were patients treated with palliative intent or without 
control of disease after treatment. 
The study was conducted according to the Dutch Medical Research Involving Human Subjects 
Act, after approval by the Institutional Review Boards of the participating hospitals. All patients 
gave written informed consent to participate in the study. 
Follow-up protocol 
The study was set up as a nonrandomized paired design. Patients served as their own control 
(i.e. comparison of PET screening (test) vs. results of regular follow up (control)). After the 
patient completed initial therapy, the follow-up of the participant was 2-fold: regular follow-up 
and serial 18F-FDG PET. 
The regular follow-up consisted of history and physical examination at 3-mo intervals at the 
outpatient department (OPD). The examination included inspection or palpation of all anatomic 
subsites of the head and neck and an examination of internal structures. Earlier visits to the 
OPD than scheduled, because of patients' complaints, were considered as a part of the regular 
follow-up. The outcome of regular follow-up was considered positive on the basis of symptoms, 
or physical signs suggestive of a recurrence or second primary tumor during clinical examina-
tion. The clinician had to note if recurrence was suggested. During this assessment, the clini-
cian was unaware of the outcome of the current 18F-FDG PET results. 
Besides this regular follow-up, all patients underwent serial 18F-FDG PET investigations at set 
times (3, 6, 9 and 12 mo) after the completion of initial therapy. 18F-FDG PET was planned on 
the same day as regular follow-up visits to the OPD. 
In the case of negative results of the regular follow-up and serial 18F-FDG PET, no action was 
planned and a standard follow-up protocol was continued. The study finished 18 mo after TO, 
leaving a 6-mo observation time after the last PET study. 
When local and regional recurrences, distant metastasis, or a second primary tumor were 
suggested by either regular follow-up or 18F-FDG PET, specific additional diagnostics were 
performed for confirmation, such as CT, endoscopy, biopsy, cytology, or ultrasound. For any 
suggestion outside the head and neck area, the patient was referred to the evaluation consul-
tant of the relevant specialty. If a recurrence or a second primary tumor was confirmed by the 
additional diagnostics, patients were scheduled for palliative or curative therapy. 
no evidence of malignancy. 
95 
ChaDier 7 8F-FDG PET as a Routine Posttreatment Surveillance Tool in Oral and Oropharyngeal SquamoLls Cell Carchiorna: 
a Prospective Study 
The outcome of either biopsy or additional diagnostic procedures was the gold standard to 
compare with positive results of regular follow-up or a 18F-FDG PET-scan. 
18FFDG PET acquisition and interpretation 
All patients had to fast for at least 5 h before undergoing 8F-FDG PET. 18F-FDG was administered 
intravenously ( 4-5 MBq/kg). After an uptake period of 90 minutes, PET emission data were 
acquired from halfway up the femur to the skull base. Two devices were used: an ECAT EXACT 
HR + scanner (Siemens CTI), which acquires 63 planes over 15.5 cm, and a Biograph 6 PET/CT 
scanner (Siemens), which acquires 81 planes over 16.2 cm. The measured resolution of both 
systems is 4-5 mm in full width at half maximum transaxially in the center of the field of view. 
On both systems, attenuation-corrected images were obtained, either from low-dose CT-data 
or from a 58Ge/ 68Ga-ring source. CT images were used for attenuation correction only. 
Two nuclear medicine physicians, both experienced in PET, visually evaluated all PET images 
independently. They were unaware of the findings of the current regular follow-up. In the case 
of a second, third, or fourth scan, the nuclear medicine physicians had access to all available 
clinical data at the time of previous scans, including the results of the previous regular follow-
up and of morphological imaging but not of the regular follow-up at the time.of the current 
scan. The level of confidence in image interpretation was graded using a 5-point grading system 
(0, definitely no tumor; 1, probably no tumor; 2, equivocal; 3, probably tumor; 4, definite 
tumor). On a case record form, the results of each scan were divided into 3 regions: primary, 
neck, and distant. In the final analysis, grades 2, 3 and 4 were considered positive. In the case 
of discrepancies, consensus was aimed for. If no consensus could be reached, a third indepen-
dent nuclear medicine physician made the final assessment. 
Impact of 18F-FDG PET on patient management 
If a recurrence or second primary tumor was suggested by regular follow-up or 18F-FDG PET, or 
both, a new diagnostic strategy was applied to the patient. The extent to which 8F-FDG PET 
and regular follow-up led to changes in management was compared. If the recurrence or second 
primary tumors could be confirmed within the study period, the change in management was 
considered to have been appropriate; otherwise it was considered to have been superfluous. 
The number of detected recurrences or second primary tumors by 18F-FDG-PET and the regular 
follow-up were compared and treatment strategies were assessed. 
Statistics 
A sample size of 40 patients was initially planned. It was estimated that 40% of the patients 
would have recurrences or second primary tumors. Assuming that 18F-FDG PET had a sensi-
tivity of 80% or 90%, the corresponding 95% confidence intervals would be 57%-93% or 71%-99%, 
respectively.  Drop-out was estimated at 20% of all included patients; consequently, 48 patients 
were required. 
Sensitivity, specificity, and negative and positive predictive value of 18F-FDG PET and regular 
follow-up were calculated on the basis of comparison with the gold standard or with a minimal 
6-mo relapse-free time after PET4 (which refers to PET performed at 12 mo after therapy) with 
Material and methods 
Patients 
This prospective study was conducted at the University Medical Center Groningen and the 
Medical Center Leeuwarden, The Netherlands. Consecutive patients who had been treated 
curatively for an advanced (stage III and IV) SCC of the oral cavity or oropharynx were included 
after completion of their treatment (TO). The patients had to complete a follow-up of at Least 
18 mo after TO. Not eligible for inclusion were patients treated with palliative intent or without 
control of disease after treatment. 
The study was conducted according to the Dutch Medical Research Involving Human Subjects 
Act, after approval by the Institutional Review Boards of the participating hospitals. All patients 
gave written informed consent to participate in the study. 
Follow-up protocol 
The study was set up as a nonrandomized paired design. Patients served as their own control 
(i.e. comparison of PET screening (test) vs. results of regular follow up (control)). After the 
patient completed initial therapy, the follow-up of the participant was 2-fold: regular follow-up 
and serial 18F-FDG PET. 
The regular follow-up consisted of history and physical examination at 3-mo intervals at the 
outpatient department (OPD). The examination included inspection or palpation of all anatomic 
subsites of the head and neck and an examination of internal structures. Earlier visits to the 
OPD than scheduled, because of patients' complaints, were considered as a part of the regular 
follow-up. The outcome of regular follow-up was considered positive on the basis of symptoms, 
or physical signs suggestive of a recurrence or second primary tumor during clinical examina-
tion. The clinician had to note if recurrence was suggested. During this assessment, the clini-
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suggestion outside the head and neck area, the patient was referred to the evaluation consul-
tant of the relevant specialty. If a recurrence or a second primary tumor was confirmed by the 
additional diagnostics, patients were scheduled for palliative or curative therapy. 
no evidence of malignancy. 
95 
ChaDier 7 8F-FDG PET as a Routine Posttreatment Surveillance Tool in Oral and Oropharyngeal SquamoLls Cell Carchiorna: 
a Prospective Study 
Results 
Patient characteristics 
Between February 2006 and May 2007, 48 
patients were enrolled in the study. All 
patients (32 men, 16 women) were avail-
able for data analysis. Their mean age was 
59.9 ± 9.7 y. Tumor characteristics and 
treatment modalities are listed in Table 
1. A reconstruction was performed in 21 
patients: split thickness skin grafts, 8; free 
radial forearm flaps, 7; free fibula flaps, 5; 
and pectoralis major flap,1. 
Locoregional recurrences, distant metas-
tases, or a second primary tumor after a 
median follow-up of 7.2 mo (interquartile 
range, 4.8-13.2) developed in 18 patients 
(Table 2). During the study, 16 patients died 
after a median period of 1.6 y (interquar-
tile range, 0.7-1.9 y) after treatment; 15 
deaths were due to malignancy, and 1 was 
due to cardiac arrest. 
Primary tumor site 


























Recurrence Local 1, 2,4 
Calculations were performed at patient level and scan level for each of the 3 regions separately. 
The diagnostic value of 18F-FDG PET was compared with that of regular follow-up. At the patient 
level, comparison was performed by means of the McNemar test. Confidence intervals (95%) 
of the difference in outcomes were calculated using confidence interval analysis. Proportional 
observer agreement and Cohen K were calculated between the nuclear medicine physicians. 
18 FFDG PET findings 
Patient level 
Serial 18F-FDG PET identified all recurrences, distant metastases, or second primary tumors 
that occurred within the observation period of 18 mo. The regular follow-up detected none at 
the particular time point yet (Table 2). 10E-FDG PET results were false-positive in 19 patients 
on 1 or more occasions. Regular follow-up results were false-positive in 12 patients. In 5 of 
these patients, °F-FDG PET results were also false-positive. The difference between 8 F-FDG 
PET and regular follow-up is significant (p = 0.035). Table 3 summarizes the diagnostic proper-
ties of 10E-FDG PET and regular follow-up. In 10 of 18 patients with a true-positive PET result, 
diagnostic modalities were capable of confirming the disease directly. In 8 patients, it took at 




Original Malignancy "F-FDG PET and 
tumor TN Initial after Site of PET Confirmation confirnia- 
3. site stage therapy treatment malignancy detection* diagnosist tinny 
DC T4N2c CR Recurrence Local 1 Histopathology Direct 
DC T4NO SR Recurrence Local 1 Histopathology Direct 
Direct 
Direct 
DC T3N2b SR 
6 OP T3N0 SR 
7 DC T2112b SR Recurrence Local, neck 1,2 
8 DC T11121b SR Recurrence Neck 1, 2 USFNAC 3 radiation 
Local, neck, 
9 OP T4N2b SR Recurrence lung I CT Direct Palliative 
Local, neck, 
10 OP T4N2c CR Recurrence lung 1 CT Direct Palliative 
Local, lung, 
11 OC T4N2c SR Recurrence kidney 1, 2, 3,4 CT USFNAC 9 Palliative 
Lung! Histopathology, 
12 OP T2112c R Recurrence oesophagus 2, 3, 4 CT 18 Palliative 
13 DC T4N1 CR Recurrence Lung 1 CT Direct Palliative 
14 DC T4NO SR 2nd PMT Oesophagus 1,2 Histopathology 3 Palliative 
15 DC T4N2c SR 2nd PMT Lung T4NO 3 Histopathology Direct Lobectomy 
16 DC T4NO SR 2nd PMT Lung T3NO 2, 3 Histopathology 3 Lobectomy 
17 DC T3111 SR 2nd PMT Lung TI NO 4 Histopathology Direct Lobectomy 
18 DC T3NO SR 2nd PMT Lung T1 NO 1,2 Histopathology 3 Lobectomy 
DC = oral cavity; OP oropharynx; CR = chemoradiation; S = surgery; R = radiotherapy; SR = combination of surgery and 
radiotherapy; POT photo dynamic therapy; USFNAC = ultrasound-guided fine-needle aspiration cytology 
toiagnosis of recurrence or second primary tumor was based on histopathology, or if histopathology was not available, on 
clinical follow-up and imaging. 
* PET I, 2, 3, 4 refer to PET performed 3, 6, 9 and 12 ma after therapy, respectively 
7 Time of diagnosis confirmation in months after first suggestion by PET 
For patient 6, PET 3 was cancelled because of rehabilitation after lobectomy, and for patient II, PET 4 also detected 
carcinoma of kidney. 
TP FN TN PP Sensitivity Specificity PPV NPV Accuracy 
"F-FDGPET 18* - 13 17 100%t 43 51%t 10037 65%t 
Regular follow-up - 18 18 12 0% 60% - 50% 38% 
TP = true positive; FN = false negative; TN - true negative; FP = false positive; PPV = positive predictive value; NPV = negative 
predictive value. 
* In 2 patients, "F-FOG PET showed bath true- and false positive results 
I Significant difference between 'F-FOG PET and regular follow-up using 955, confidence interval analysis (CIA) 
OP T4N2c CR 
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'5F-FDG PET as a Routine Posttreatment Surveillance Tool in Oral and Oropharyneal Squamous Cell Carcinoma: 
a Prospective Study 
The 35 18FFDG PET scans that were rated false 
positive showed a false positive hot spot at 38 
anatomic sites, 20 of which were local, 6 were 
regional, 6 were distant, 2 were both local and 
distant, and 1 was both regional and distant. 
In addition to these 35 false positive scans, 1 
patient underwent 2 scans with a true positive 
spot in the oropharynx but also a false positive 
result for the lung due to an encapsulated fungal 
infection. Consequently, 37 laF.FDG 
 PET scans 
showed 40 false positive results. In 24 of the 
40 (60%) false positive results, clear (nonmalig-
nant) anatomic substrates, of which the nuclear 
physicians were not aware at the time of their 
analysis because clinical data were masked and 
CT-data were not used, were present (Table 
5). Correcting for this effect improved Speci-
ficity and positive predicitive value greatly, as 
shown in Table 4 (data given in parentheses). 
Locoregional 
Macositis 8 
Osteoradionecrotic tissue 2 
2'5-stage-surgery endosseous implants 3 
Warthin tumor 1 
Lost endosseous implant with infection 1 
Abscess 1 
Ulcer maxillary tuberosity 1 
Unknown anatomic substrate 12 
Distant 
Pneumonia * costal fracture 2 
Clavicular fracture and costal fracture 1 
Osteoporotic fracture T8-12 1 
Encapsulated fungal infection, lung 2 
Infiltration residue, lung 1 
Unknown anatomic substrate lung 3 
Unknown anatomic substrate hilus 1 
Scan level 
In the follow-up period of the study population, 156 scans were performed. All 48 patients 
underwent a PET scan 3 mo after treatment, 40 patients after 6 mo, 35 patients after 9 mo, 
and 33 patients after 12 mo. 
In Table 4, the diagnostic properties of the serial 18F-FDG PET scans are shown. Overall, 18F-FDG 
PET showed a high sensitivity and a high negative predictive value. Because of substantial false-
positive results, specificity and positive predictive value were considerably lower. Between 
different anatomic sites (head, neck, and distant), no significant differences were found. 
TP FN TN FP Sensitivity Specificity PRY NPV Accuracy 
All regions 30 (50) 1 90 35 (15) 97% (98%) 72% (86%) 46% (77%) 99% (99%) 77% (90%) 
Head 16 (32) - 118 72 (6) 100% (100%) 84% (95%) 42% (84%) 100% (100%) 86% (96%) 
Neck 7)8) - 342 7)6) 100% (100%) 95% (96%) 50% (57%) 100%(100%) 96% (96%) 
Distant 16 (23) 1 128 11 (4) 94% (96%) 92% (97%) 60% (85%) 99% (99%) 92% (97%) 
TP = true positive; FN = false negative; TN = true negative; FP = false positive; PPV = positive predictive value; NPV negative 
predictive value 
In parentheses are false positive results with known pathologic substrates other than malignancy, such as mucositis or 
fractures, that were counted as true-positive. 
In 9 patients, the false positive results had resolved on the next 18F-FDG PET scans. For the 
remaining false positive scan results, the false positive hot spots were present on 2 scans mini-
mally. Three patients showed false positive hot spots in all 4 scans (Fig. 2), 2 of which were 
located locoregionally and 1 in the lung. 
Proportional observer agreement for detecting malignancy was 0.88, and Cohen 
 i< was 0.75. Per 
anatomic site, agreement and Cohen K were 0.87 and 0.65, 0.92 and 0.56, and 0.90 and 0.69, 
respectively, for the primary site, neck, and distant sites. 
Impact of 18F-FDG PET 
At the patient level, 18F-FDG PET induced changes in diagnostic procedures or treatment in 63% 
of the patients, whereas regular follow-up did in 25%. However, the change by 8F-FDG PET or 
regular follow-up led in 40% and 100% to superfluous diagnostic procedures, respectively -that 
is, procedures that were performed because of a false-positive result. 
In all 18 patients with recurrences or second primary tumors, additional diagnostic procedures 
for confirmation were initiated by 18F-FDG PET; the regular follow-up initiated none. Seven of 
the 18 patients (39%) received a curative salvage treatment. Three of these 7 patients died 
(mean ± SD, 9.5 ± 2.4 mo) after salvage treatment, because of recurrences; 4 are still alive, 
without signs of malignancy. The other 11 patients received palliative treatment (Table 2). 
In 2 patients 8F-FDG PET led to overtreatment: in 1 patient, lung cancer was suggested by 
10FFDG PET and was confirmed by CT. This patient underwent a lobectomy, but histopathology 
showed an encapsulated fungal infection. The other patient underwent a neck dissection 
because of a wrong localization of a local recurrence by 8F-FDG PET. 
Timing of I8F=FDG  PET scans 
Table 6 shows 10E-FDG PET performances at each time (3, 6, 9, and 12 mo after treatment). 
Diagnostic properties did not show significant differences among the scans. In 14 of the 18 
patients (78%) with disease detected by serial tsFFDG 
 PET, the disease was recognized on the 
3-mo posttreatment scan. Eight were confirmed by additional diagnostic procedures at that 
time, and 6 patients needed 1 or more following PET scans and additional diagnostic proce-
dures to confirm the diagnosis. 10E-FDG PET 3 and 6 mo after therapy detected malignancy in 16 
of the 18 patients, including all recurrences. 18F-FDG PET results 9 and 12 mo after treatment 
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-3 eth' 35 Nfi 
PET1 (n=48) PET2 (n=40) PET3 (n=35) PET4 (n=33) 
True positives 14 8 4 4 
Fake positives 
9 (4)* 
9 (6) 10 (7)* 7 (3(* 
False negatives 1 - - - 
True negatives 24 23 21 22 
Sensitivity 93% 100% 100% 100% 
Specificity 73% 72% 68% 76% 
PPV 61% 47% 29% 36% 
NPV 96% 100% 100% 100% 
Accuracy 79% 78% 71% 79% 
Change in diagnostic strategy 20/ 48 (42%) 13/40 (33%) 9/ 35 (26/4 8/33(24 
- Superfluous change 7/20 (35%) 6/33 (46%) 7/9 (78%) 4/8(50%) 
Newly detected malignancy 14 2 1 1 
- Confirmation at time of PET 8 4 2 3 
- Curative treatment 2 2 2 1 
- Alive without malignancy 2 0 1 1 
* Numbers in brackets are false positives with known anatomic substrate, nonmalignant 
Discussion 
There is a high risk that recurrences, distant metastases, and second primary tumors will 
develop in patients treated for advanced HNSCC of the oral cavity and oropharynx and will 
compromise their survival. In the current study, a recurrence rate (local, regional, and distant) 
of 27% (13 patients) was shown. In 5 patients (10%), a second primary tumor developed. Early 
identification may allow early treatment with curative intent and may potentially confer a 
survival advantage .7 We could prove, because of the paired design of the current study, that 
luFFDG PET detects malignancy before clinical suggestion by the regular follow-up occurs 
during the 1-y follow-up of patients treated for SCC of the oral cavity or oropharynx. Moreover, 
none of the recurrences and simultaneous second primary tumors was detected by the regular 
follow-up, and all were detected by lnFFDG  PET. 
Currently, there is no consensus regarding the interval and frequency of 8F-FDG PET scans in 
the follow-up of HNSCC patients. There were several reasons why we chose to perform the 
first muFFDG 
 PET at 3 mo after treatment. 18F-FDG PET performed within 10 wk after radia-
tion or chemoradiation has been associated with high rates of false negative findings due to a 
time period of decreased lnFFDGuptake  after chemoradiation, despite the ongoing presence 
of viable tumor cells. 39 False positive findings, which are attributed to nonspecific mucosal 
changes due to chemoradiation, are also associated with lnFFDG  PET performed too early 
after treatment,20 In addition, efficacy of chemoradiotherapy (the tumor-kill phenomenon)  
cannot be fully assessed for at least 8-10 wk after completing chemoradiation. When lnF.FDG 
PET is performed within 2 mo after treatment, the indication is to evaluate the response to 
chemoradiation rather than search for recurrences. Moreover, locoregional recurrences, after 
combined therapeutic modalities including conservative surgery, usually occur later. 15FFDG 
PET performed as a sequential investigation 4 mo after treatment, independent of whether 
recurrence is suggested, showed high accuracy.  12,14,21,22 
 However, recurrences could also be 
apparent clinically or radiographically at the time of PET. Performing the first sequential PET 
study at 3 mo after treatment resulted in a high sensitivity and detection rate before other 
clinical indications were apparent. Similarly, the negative predictive value of F-FDG PET was 
high, in accordance with other studies in which 18 F-FDG PET was performed at 12 wk or more 
after therapy, encouraging an early onset of reconstruction if indicated in case of negative 
scan findings.23'24 Few systematic prospective studies have been conducted in which the use 
of repeated routine posttreatment 15F-FDG PET in a heterogeneous group of HNSCC patients 
was tested.  14,21,15 
 Because of the study design of repeating scans (every 3 mo), we were able 
to investigate efficacy and optimum timing of posttreatment 8F-FDG PET scans. Sensitivity 
and specificity of ThFFDG 
 PET were not dependent on timing in the 3- to 12-mo posttreat-
ment surveillance (Table 6). 18 F-FDG PET at 3 mo detected all recurrences except 1 (Table 2) 
and induced the greatest change in nonsuperfluous diagnostic strategy. PET 1 and 2 detected 
malignancy in 16 of the 18 patients and thus, 10E-FDG PET performed at 3-6 mo after therapy, 
in accordance with the findings of a retrospective study by Lee et al. 26 
 was the best timing for 
imaging after treatment. In 2 studies, systematic 8F-FDG PET(/CT) showed a high accuracy at 
12 mo after treatment.27'21 However, the authors suggested a higher impact of 18 F-FDG PET at 
6 mo after treatment, because the 18 F-FDG PET at 12 mo after treatment had significantly less 
impact than did earlier performed 1 tFFDG PET motivated by clinical suspicion .27 Their sugges-
tion was indeed proven by our results. Another study performed routinely 8F-FDG PET/CT about 
12 mo after therapy, but with a large SD (positive PET/CT and negative PET/CT results, 10.7 ± 
4.7 and 12.3 ± 4.1 mo, respectively) .21 
What is unclear is whether a follow-up 8F-FDG PET scan after a previous systematic 18F-FDG 
PET scan is indicated and which time interval has to be used. A retrospective study on timing 
of bnFFDG 
 PET suggested that locoregional recurrences are unlikely for at least 1 y after initial 
negative msFFDG 
 PET scans .26 Although the impact of a second 8F-FDG PET scan would be 
significantly less than that of the first systematic 8F-FDG PET scan, it might be appropriate 
to perform a second PET scan 1 y after the first systematic 5F-FDG PET scan, knowing that in 
our study 3 second primary tumors and 1 recurrence not detected by the first muFFDG 
 PET scan 
would have been detected at that time point. 
A limitation of 10E-FDG PET was its low specificity and positive predictive value. For reasons of 
screening, a high false positive risk is more easily accepted as long as sensitivity approaches 
100% and false positive results do not increase the risk of patient morbidity. F-FDG PET seems 
to fulfill these criteria in the current study. Many false-positive scans were related to distinct 
pathologic lesions other than SCC (Table 5) and in fact were recognized by clinical assessment 
or other imaging techniques (but were unavailable to the nuclear physician because of the 
design of the study). However, discrimination between luFFDG 
 uptake caused by SCC or by 
other pathologic lesions is impossible for nuclear medicine physicians unaware of clinical infor- 
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 However, recurrences could also be 
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after therapy, encouraging an early onset of reconstruction if indicated in case of negative 
scan findings.23'24 Few systematic prospective studies have been conducted in which the use 
of repeated routine posttreatment 15F-FDG PET in a heterogeneous group of HNSCC patients 
was tested.  14,21,15 
 Because of the study design of repeating scans (every 3 mo), we were able 
to investigate efficacy and optimum timing of posttreatment 8F-FDG PET scans. Sensitivity 
and specificity of ThFFDG 
 PET were not dependent on timing in the 3- to 12-mo posttreat-
ment surveillance (Table 6). 18 F-FDG PET at 3 mo detected all recurrences except 1 (Table 2) 
and induced the greatest change in nonsuperfluous diagnostic strategy. PET 1 and 2 detected 
malignancy in 16 of the 18 patients and thus, 10E-FDG PET performed at 3-6 mo after therapy, 
in accordance with the findings of a retrospective study by Lee et al. 26 
 was the best timing for 
imaging after treatment. In 2 studies, systematic 8F-FDG PET(/CT) showed a high accuracy at 
12 mo after treatment.27'21 However, the authors suggested a higher impact of 18 F-FDG PET at 
6 mo after treatment, because the 18 F-FDG PET at 12 mo after treatment had significantly less 
impact than did earlier performed 1 tFFDG PET motivated by clinical suspicion .27 Their sugges-
tion was indeed proven by our results. Another study performed routinely 8F-FDG PET/CT about 
12 mo after therapy, but with a large SD (positive PET/CT and negative PET/CT results, 10.7 ± 
4.7 and 12.3 ± 4.1 mo, respectively) .21 
What is unclear is whether a follow-up 8F-FDG PET scan after a previous systematic 18F-FDG 
PET scan is indicated and which time interval has to be used. A retrospective study on timing 
of bnFFDG 
 PET suggested that locoregional recurrences are unlikely for at least 1 y after initial 
negative msFFDG 
 PET scans .26 Although the impact of a second 8F-FDG PET scan would be 
significantly less than that of the first systematic 8F-FDG PET scan, it might be appropriate 
to perform a second PET scan 1 y after the first systematic 5F-FDG PET scan, knowing that in 
our study 3 second primary tumors and 1 recurrence not detected by the first muFFDG 
 PET scan 
would have been detected at that time point. 
A limitation of 10E-FDG PET was its low specificity and positive predictive value. For reasons of 
screening, a high false positive risk is more easily accepted as long as sensitivity approaches 
100% and false positive results do not increase the risk of patient morbidity. F-FDG PET seems 
to fulfill these criteria in the current study. Many false-positive scans were related to distinct 
pathologic lesions other than SCC (Table 5) and in fact were recognized by clinical assessment 
or other imaging techniques (but were unavailable to the nuclear physician because of the 
design of the study). However, discrimination between luFFDG 
 uptake caused by SCC or by 
other pathologic lesions is impossible for nuclear medicine physicians unaware of clinical infor- 
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mation, and malignancy will be suspected first until proven otherwise. Paradoxically, patients 
treated for advanced 5CC are at high risk for high 18 F-FDG uptake both by 5CC and by nonneo-
plastic causes such as mucositis and osteoradionecrosis. In this respect, PET/CT could reduce 
false positive results, as it allows direct correlation of 10E-FDG uptake with anatomic structures. 
PET/CT improves the ability to localize lesions, decreasing the risk of sampling errors.28-30 
 More-
over, anatomic imaging is required to determine which anatomic structures are involved and 
to recognize crucial tumor characteristics such as perineuraL spread, which is related to a poor 
prognosis and may alter treatment strategies." Because of the use of 2 different PET cameras 
in this study, anatomic information was ignored at first to get a uniform analysis of the study 
population. Otherwise, a bias could not be excluded because of possible differences in perfor-
mances between PET/CT and PET fused with separate CT or MRI. 
High focal 8F-FDG uptake without a correlating anatomic substrate raises a diagnostic dilemma. 
In 8 of the 18 patients with true pathologic 10E-FDG uptake, conventional work-up was not able 
to confirm the 8F-FDG PET findings until 3-12 mo later (Table 2; Fig. 1). In contrast, there were 
also patients with persistent unexplained 18 F-FDG uptake in subsequent scans that was never 
confirmed (Fig, 2). Therefore, positive 8F-FDG PET scans have to be confirmed by at least 1 
other diagnostic procedure to prevent overtreatment. Unfortunately, this compromises the 
intent to detect recurrences as early as possible. To minimize false positive results in routine 
patient care, we recommend the following: nuclear medicine physicians should be informed in 
detail about clinical history and additional pathology. If there is no explanation for the positive 
result by clinical assessment, other imaging techniques should be performed. If no anatomic 
substrate has been found, frequent follow-up and repeated PET after 3 mo are recommended. 
Figure 3 shows a flow diagram. On the basis of our results, if repeated 18 F-FDG PET showed 
clearly less or no 18F-FDG uptake, a false-positive result for the previous PET is highly likely. 
However, if the 18F-FDG uptake was unchanged or increased, discrimination by 10 E-FDG PET 
between true- and false-positive is impossible and morphologic imaging or biopsy is required. 
The early detection of recurrent disease or second primary tumors may lead to an improved 
outcome.32'33 However, despite the early detection, the success rate of salvage treatment in 
the current study was low; only 7 (15%) patients underwent salvage therapy because of serial 
15FFDG PET, of which 4 (8%) remained free of malignancy. It is not surprising that only a small 
percentage of the participants could be salvaged, because only a small percentage of patients 
treated for an advanced HNSCC who have a recurrence can be expected to be cured .34 Because 
the rate of recurrence is highest in advanced HNSCC, these patients were included to study 
PET effectiveness. To provide data on the impact of systematic 18 F-FDG PET on survival, further 
studies that include patients with lower staged HNSCC are needed. 
Figure I. Transaxial 'F-FDG PET/CT images of recurrence with contralateral cervical metastasis. (A) A 3-mo posttreatment 
SFFDG PET image suggestive of local recurrence, not confirmed by physical examination, biopsy and ultrasound. (B) A 6-mo 
posttreatment 'F-FDG PET image showing increased '8F-FOG uptake and additional controlateral °F-FDG focus, confirmed 
by CT 
Figure 2. Transaxial 'F-FDG PET images demonstrated false-positive focus present during all 4 scans in first year after 
treatment, without confirmation by MR!, CT and follow-up. Here are shown 3-mo (A) and 12-mo (B) posttreatment images. 
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Figure 3. Flow diagram of °F-FDG PET in HNSCC after treatment. Diagnostic strategy should be revised after twice repeated 
`F-FDG PET to prevent infinite 'FFDG PET follow-up. 
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Conclusion 
The current study showed that 18F-FDG PET is significantly more sensitive than regular follow-up 
for routine surveillance of oral and oropharyngeal SCC patients treated with curative intent. 
18FFDG PET detected all malignancy before clinical suggestions by the regular follow-up 
existed. In 7 patients (15%), early PET diagnosis Led to treatment with curative intent. The 
impact is highest for the 3- and 6-mo posttreatment PET. Therefore, we recommend 1 system-
atic 8F-FDG PET 3-6 mo after treatment. 
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Summary 
Head and neck squamous cell carcinomas (HNSCC) show locally invasive growth and can give 
rise to cervical and distant metastases. The treatment of HNSCC varies according to the din-
ical stage of the tumor. Effective and accurate staging of HNSCC is therefore an essential 
prerequisite for treatment planning and determining patients' prognosis. Although anatomical 
imaging techniques are the first choice in determining the clinical TNM-classification, there 
is room for improvement. Positron emission tomography (PET) using the radiopharmaceutical 
2-deoxy-2-[18F] fluoro-D-glucose ( 8F-FDG) is used as an imaging modality for evaluating HNSCC. 
The support for 18F-FDG PET as an imaging technique in oral and oropharyngeal squamous cell 
carcinoma (005CC) has grown considerably owing to rather high sensitivities and specificities 
in detecting malignancy. The aim of this thesis was to study the role of PET in HNSCC in initial 
staging (chapter 2-6) and follow-up (chapter 7), in particular of the oral cavity and oropharynx. 
Initial staging 
In chapter 2 inter- and intraobserver agreement of interpretations of 18F-FDG PET in oral 
and oropharyngeal cancer was evaluated. Consistency of interpretations between the same 
observer at different times or between different observers is mandatory in order for an imaging 
modality to be of diagnostic value as a primary imaging technique. From the literature little is 
known about the inter- and intraobserver agreement of 13F-FDG PET images in oral and oropha-
ryngeal cancer. Inter- and intraobserver agreement, expressed as proportional agreement and 
Cohen's kappa, were calculated by comparing results of four observers, 2 nuclear medicine 
physicians (NMPs) and 2 nuclear medicine residents, who assessed 80 8F-FDG PET scans twice. 
Overall intraobserver agreement was higher than interobserver agreement. Interobserver 
agreements of NMPs showed a proportional agreement and kappa, respectively, of 0.91 and 
0.58 for detecting the primary tumor, of 0.94 and 0.83 for detecting cervical metastases and 
of 0.85 and 0.53 for detecting distant metastases/ second primary tumors. In addition, the 
influence of observer experience, tumor size, and precise localizing of the tumor on observer 
agreement was assessed. Observer experience appeared to have limited influence on observer 
agreement. Agreement and sensitivity increased with tumor size, except for small metastases, 
which accounted for high observer agreements due to not detecting these metastases. Observer 
agreement decreased, when more precise anatomical tumor localization was required. From 
this study it can be concluded that 18F-FDG PET images can be interpreted reliably for oral and 
oropharyngeal cancer, also by less experienced observers. The role of 18F-FDG PET in detecting 
small cervical metastases seems to be limited. 
In chapter 3 the diagnostic properties of 18F-FDG PET in 38 patients with 005CC staged as NO 
by physical examination were analysed and compared to conventional imaging modalities (CT, 
MRI and USgFNAC). Because none of the conventional imaging modalities is able to detect the 
presence of micrometastases in the lymph nodes of clinical NO necks in 005CC reliably, treat-
ment of the clinical NO Neck remains a dilemma. When a watchful waiting policy is applied, 
possible occult metastases may compromise patient survival. Elective neck treatment can be 
performed, but its morbidity and costs are high and the majority of treated patients appear 
not to harbour cervical lymph node metastases. Although 18F-FDG PET in this study performed  
better than conventional imaging modalities, the sensitivity was lower than desired. 18F-FDG 
PET showed a sensitivity and specificity in detecting occult cervical metastases of 50% and 97% 
respectively. It seems that 18F-FDG PET cannot resolve the dilemma of the NO neck. 
In chapter 4 the value of whole-body 18F-FDG PET was assessed in detecting distant metastases 
and second primary tumors below clavicular level in HNSCC compared to chest CT and chest 
radiography (CXR). Despite local tumor control and negative screening, some HNSCC patients 
may develop distant metastases and second primary tumors. Unfortunately, it is not rare 
that such metastases or second tumors were already present at diagnostic work-up, but were 
missed. The latter might be due to limitations of the diagnostic strategies applied, e.g. because 
malignancies are either out of the scope of the imaging modality, or its detection rate is too 
low. In this respect, whole-body 18F-FDG PET with its relatively high sensitivity for all kind of 
different histologic types of malignancies in any part of the body may be valuable in detecting 
distant metastases and second primary tumors in HNSCC. 18F-FDG PET was able to detect distant 
metastases and second primary tumors in HNSCC with a high sensitivity and specificity. 15F-FDG 
PET (n=149) showed a sensitivity and specificity for detecting distant disease of 92% and 93%, 
respectively. Chest CT (n = 82) showed a sensitivity and a specificity of 74% and 61% respec-
tively, while chest radiography (n = 106) showed a sensitivity and a specificity of 41% and 91%, 
respectively. The higher sensitivity of 8F-FDG PET compared to chest CT is mainly due to the 
detection of extrapulmonary malignancy. With regard to detection of intrapulmonary malignan-
cies, 18F-FDG PET and CT performed similar in sensitivity, but the specificity of 18F-FDG PET was 
significantly higher. CXR fell significantly behind in sensitivity compared with 15F-FDG PET and 
chest CT rendering this technique as invalid for the detection of distant disease in HNSCC. 
From this study it is concluded that 18F-FDG PET helps to determine the nature of pulmonary 
lesions and might be considered as a first diagnostic modality for detecting distant disease in 
advanced HNSCC. 
In chapter 5 the diagnostic value of L-1-["C]-tyrosine PET (11C-TYR PET) was compared with 
18FFDG PET for the detection of metastatic cervical lymph nodes of 005CC by applying both 
radiopharmaceuticals in 27 patients. A disadvantage of 18F-FDG PET is that 18F-FDG uptake is 
not specific for malignant tissue. To provide an alternative, radiolabeled amino acids such as 
1C-TYR, were introduced as these amino acids are Less avidly metabolized by inflammatory 
cells. The target for metabolic tumor imaging is an increased protein metabolism and up regu-
lated amino acid transport, which can be visualized by these radiolabeled amino acids. Although 
the specificity of 11C-TYR PET was high, its sensitivity was significantly and unacceptably lower 
compared to '8F-FDG PET, 33 versus 67%. uCTYR  PET was not adequate in detecting cervical 
metastases because high uptake of 11C-TYR in the salivary glands impaired the analysis of the 
PET images, especially when the metastases were located close to these glands. The high uptake 
of 11C-TYR in the salivary glands might be explained by its incorporation into secretory proteins 
that are synthesized in large amounts in salivary glands. Because of accumulation of 1C-TYR 
in salivary glands, uCTYR  PET is not suitable to replace 18F-FDG PET in staging 005CC. When 
extrapolating this conclusion to other natural and artificial amino acids, that show uptake in the 
salivary glands, it may be concluded that these labeled amino acids do not have a role in nodal 
staging in 005CC. 
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Giapter 8 Summary and General Discussion 
In chapter 6 the diagnostic value of integrated whole body 18F-FDG PET/contrast-enhanced CT 
(PET/CECT) as a one step examination in the initial staging of 73 OOSCC patients was assessed. 
When using PET/CT in initial staging of HNSCC, there are basically two options. The first is 
that PET/CT will be used to detect locoregional and distant metastases and second primary 
tumors. The CT component depicts the gross anatomic features in the head and neck and is 
achieved with modest beam current and reconstructed slice thickness. A separate dedicated 
and fully optimized head and neck CT scan is needed to evaluate fine details for treatment 
planning, such as, invasion of structures, and for the definition of precise lesion extent. The 
second option is that PET/CT can do it all and a second diagnostic CT is not necessary. In this 
study 18F-FDG PET/CECT showed for detecting the primary tumor a sensitivity of 96%, and for 
detecting cervical metastases a sensitivity and specificity of 89% and 81%, respectively. In the 
clinically NO subgroup (n=37), 18F-FDG PET/CECT showed a sensitivity and specificity of 64% 
and 81% respectively. In 5 out of 6 patients 18F-FDG PET/CECT detected a second primary 
tumor. The results of this study indicate that the use of diagnostic PET/CECT as a one step 
examination is a reliable alternative for PET/CT in combination with a separate diagnostic CT 
in patients with OOSC for initial staging. The need for treatment of the neck in the clinically 
negative neck should not be based on PET/CECT results only, due to the risk of missing small 
metastases. 
Surveillance 
In chapter 7 the role and timing of serial 18F-FDG PET scans as routine surveillance for detecting 
early locoregional recurrence, distant metastases, and second primary tumors in patients 
treated for advanced OOSCC was evaluated. Recurrences of OOSCC after treatment are always 
life threatening, leading to untimely death in the majority of patients. Besides recurrences, 
patients remain at risk of developing second primary tumors. Early detection of disease recur-
rence is critically important and there is a persistent clinical need to improve restaging proce-
dures to exclude or verify tumor recurrence at stages that allow for a successful therapeutic 
intervention. Distinguishing tumor recurrence from surgical or radiation tissue distortions in the 
head and neck is challenging for anatomical imaging modalities. In contrast, 8F-FDG PET, being 
a functional imaging modality, is not impaired by these posttreatment anatomical changes. 
In total 48 patients with OOSCC were studied during the first year after completion of their 
curative treatment. Prospective follow-up of the participants was twofold, regular follow-up 
(history and physical examination) and serial 18F-FDG PET scans at 3, 6, 9, and 12 months 
after initial treatment. 18F-FDG PET was a significantly more sensitive routine surveillance tool, 
than regular follow-up (p = 0.035). 8F-FDG PET detected all malignancies even before clinical 
suspicions by the regular follow-up existed. Sensitivity and specificity of 18F-FDG PET were both 
irrespective of timing of F-FDG PET, although the impact was highest for the 3 and 6 months 
posttreatment PET. From this study it can be concluded that 18F-FDG PET is a useful routine 
posttreatment surveillance tool in OOSCC patients as it detects malignancy before clinical 
suspicions by the regular follow-up arise. The best timing of a systematic 18F-FDG PET seems to 
be between 3 and 6 months after treatment. 
General discussion 
The rote of 18F-FDG PET in initial staging of OOSCC 
18F-FDG PET did not yet conquer a final position in the protocols of OOSCC. Anatomic imaging 
modalities remain first line in HNSCC. Despite superb diagnostic properties of F-FDG PET,  it is 
unclear whether a real added benefit of 1>F-FDG PET, next to the anatomic imaging modalities, 
in treatment planning and prognosis of patients exists. 
The role of 18F-FDG PET in detecting the primary tumor is limited despite adequate sensitivity, 
specificity and inter- and intraobserver agreement (chapter 2). First, in OOSCC the primary 
tumor is already known at the moment of imaging. Second, the resolution of 18F-FDG PET is not 
suited to determine crucial tumor characteristics such as infiltration of surrounding tissues and 
perineural spread. In the initial staging of oral and oropharyngeal SCC, 18F-FDG PET's role is 
mainly focused on detecting locoregional and distant metastases. 1,2 
For detecting cervical metastases, both sensitivity and specificity of 18F-FDG PET are compa-
rable or superior to conventional imaging.'-" Moreover, a high inter- and intraobserver agree-
ment was found for the detection of cervical metastases. Observer experience seems to play a 
minor role in the reproducibility, which is an asset to the technique (chapter 2). In the clinically 
staged N+ neck, 18F-FDG PET is of value in the upstaging or downstaging of the neck.37 However, 
treatment of patients with HNSCC and a clinical N+ neck is well established, and neck dissection 
is the surgical management of choice for these patients. Patient management mostly will not 
change if 18F-FDG PET detected some additional cervical metastases, unless these are located 
outside the planned surgical or chemoradiation field. 
A great dilemma in staging the neck remains the NO neck because it still may harbor occult 
cervical lymph node metastases. The decision whether or not to treat the clinically NO neck 
currently depends on the probability of occult neck metastases. A generally accepted concept 
is to apply a watchful waiting when the risk of occult cervical metastases is estimated to be 
20% or less.12 In chapter 3 and 7, and in other reports, 8F-FDG PET showed a negative predictive 
value of >80% which could suggest that a watchful waiting policy in case of a negative PET scan 
is allowed.13 '14 Unfortunately, despite these theoretical advantages of 18F-FDG PET, this thesis 
showed that 8F-FDG PET's sensitivity of 50% is too low to confirm the NO neck. Several reports 
show different sensitivities (0-100%) for the detection of occult cervical metastases by 18F-FDG 
PET. The main reason for the broad range in sensitivities seems to be the limited capability 
of 18F-FDG PET for detecting (very) small cervical metastases. This finding is consistent with 
chapter 2 in which it was shown that tumor size influenced the sensitivities of the nuclear 
medicine physicians. However, PET is not alone: none of the current imaging modalities is able 
to validly detect the presence of small metastases in the lymph nodes of clinical NO necks. 
18F-FDG PET did show a significantly higher specificity and a slightly higher positive and nega-
tive predictive value and accuracy though, in comparison to the conventional methods. Unfor-
tunately, these improvements were to small to warrant a broader introduction. Improvements 
in sensitivity may be anticipated when combining CT, MRI and ThFFDG PET.13'1516 In chapter 6 
PET/contrast-enhanced CT indeed showed a sensitivity of 64% in the NO neck. Larger studies 
may better clarify whether, for OOSCC patients with a NO neck, there is a possible incremental 
diagnostic improvement with 18F-FDG PET over conventional imaging methods. 
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This thesis and the literature show that the clearest advantage of 8F-FDG PET in initial staging 
lies in detecting distant malignancy because of its high detection rate and the high impact 
on treatment and prognosis in case of a positive finding.t21723 Once distant metastases are 
present, prognosis is poor and the patient can be withhold futile extensive mutilating therapy 
of the primary tumor. To be effective as an imaging tool, positive findings must be present with 
a reasonable incidence. The incidence of distant metastases is directly related to the tumor 
stage, particularly to the presence and extension of lymph node metastases and locoregional 
control.2427 In all patients with distant metastases studied in chapter 4, the primary tumor 
was staged III or IV. 18F-FDG PET seems to be indicated for screening on distant malignancy in 
advanced HNSCC. 
Indications of 8F-FDG PET for initial staging of early HNSCC are inconsistent. The pretreatment 
probability on distant malignancy is low which significantly decreases 8F-FDG PET's impact as 
an imaging tool for distant malignancy in these patients. However, the risk of second primary 
tumors (3-7%), together with the possibility to evaluate primary tumor and cervical lymph 
nodes can make 18F-FDG PET(/CT) feasible in early HNSCC.2e30  Screening by 8F-FDG PET/CT of 
these patients may be valid, but a large prospective study is needed to confirm this. 
There are drawbacks of 18F-FDG PET. It lacks anatomical detail and has a relatively poor spatial 
resolution. In this thesis it was shown that the observer agreements decreased if a more 
precise localization of malignancies was asked. Another drawback is that l8FFDG 
 is not specific 
for cancer cells and numerous infectious and non-infectious inflammatory conditions lead 
to increased local 18F-FDG uptake and cause false positive results.31  Until now, including this 
thesis (chapter 5), no tracer has been found which increased 18FFDG 
 PET's specificity without 
decreasing its sensitivity. 18F-FDG PET/CT decreases the drawbacks of 18F-FDG PET by sequen-
tially acquiring PET and CT in a single imaging session, providing excellent spatial resolution 
with fusion of anatomic and metabolic data.3233 By localizing 18F-FDG-uptake more precisely in 
PET/CT, specificity increases compared to PET as a stand-alone modality.34 A general consensus 
is reached that when PET is indicated in HNSCC, PET/CT is recommended.35 This thesis supports 
the use of 18F-FDG PET/ contrast-enhanced CT as a one step examination in patients with 
OOSCC. 
The role of 18F-FDG PET in the surveillance of OOSCC 
After treatment of OOSCC, patients fall in a strict and regular follow-up protocol. Besides 
physical and psychological support, detection of recurrences and second primary tumors is one 
of the aims of such a protocol. In order to detect the recurrences and second primary tumors as 
early as possible, 18F-FDG PET(/CT) seems to be indicated after 3 to 6 months after treatment in 
advanced OOSCC. 8F-FDG PET(/CT) is superior to alternative methods in assessing tumor recur-
rences and differentiating post therapy tissue distortions from tumor recurrence. However, the 
impact of systematic 18F-FDG PET on survival is not clear yet. Theoretically, early detection of 
recurrent disease or second primary tumors will lead to an improved survival .3638 In this thesis, 
owing to the use of 18F-FDG PET, 15% of the patients received salvage treatment of whom 57% 
remained free of malignancy. It is not surprising that only a small percentage of the participants 
could be salvaged, because only a small percentage of patients treated for an advanced OOSCC 
with a recurrence, can be expected to be cured.39 To assess 18F-FDG PET's impact on survival  
fully, lower staged OOSCC patients must also be studied. However, in these populations the risk 
on recurrences decreases and consequently the yield of 8F-FDG PET will decline further. To 
provide data of the impact of systematic 8F-FDG PET on survival, further studies are needed 
including patients with lower staged OOSCC and with emphasis on cost-effectiveness. 
False positive findings remain an issue for PET in the follow-up care. The individual 18F-FDG PET 
scans and the whole 8F-FDG PET follow-up protocol in this thesis showed a specificity of 73% 
and 43%, respectively. Because of the risk of false positive results, positive 8F-FDG PET scans 
have to be confirmed by at least one other diagnostic procedure in order to prevent overtreat-
ment. PET/CT could reduce false positive results at least partly as it allows, as stated before, 
a direct correlation of 18F-FDG uptake with anatomic structures, resulting in higher specificity 
compared to our study described in chapter 740  In my opinion the use of PET/CT, and not PET 
stand-alone, has become imperative in OOSCC for exactly that reason. 
Future aspects 
The extent of the 18F-FDG PET literature found for HNSCC is substantial and provides an 
adequate basis for its more widespread use clinically. From this thesis it is recommended to 
use 18F-FDG PET in advanced OOSCC for initial staging and as surveillance tool after curative 
treatment. More research, focused on impact on patient management and cost-effectiveness, 
is required to definitely establish the role of 8F-FDG PET. 
A potential (theoretical) benefit of 18F-FDG PET could be the quantification of 18F-FDG-uptake of 
the primary tumor, using standard uptake values (SUV). SUV can be calculated from the radio-
activity in the region of interest divided by the injected dose per unit body weight or lean body 
mass. Some studies show an association between SUV and tumor cell proliferation, histological 
grading, treatment outcome, and prognosis. Unfortunately, results are inconsistent and a SUV 
threshold to improve diagnostic accuracy cannot be defined yet.4147 Consequently, it remains to 
be studied whether SUV-calculation adds to a visual interpretation of the images. 
The resolution and the lack of anatomic detail are important drawbacks of 8F-FDG PET. Tech-
nical developments will achieve improvements. The combination of PET/CT overcomes the 
lack of anatomical detail of PET. Additionally, the spatial resolution of PET images is improving. 
Resolution of currently available PET scans after 38F-FDG administration with attenuation 
correction is 3 to 4mm.48 Scanners are becoming more sensitive, leading to considerably faster 
patient processing, long scanning time being one of the weaknesses of the early scanners. 
ISFFDG is not a specific marker in cancer. Therefore, biopsy or other modalities are mandatory 
to confirm the suspicion aroused by 18F-FDG PET. Other tracers to overcome the drawbacks of 
18F-FDG are welcome. Potential areas of interest include radiopharmaceuticals with labeled 
antibodies to image exogenous hormones or growth factor receptors (many HNSCC overexpress 
epidermal growth factor receptors), radiolabeled nucleosides to quantify DNA synthesis, and 
radiolabeled amino acids to infer protein synthesis. Hypoxia is believed to be a major deter-
minant in response of tumors to radiation and their subsequent outcome. Hypoxic imaging 
has been accomplished by imidazole-containing and non-imidazole-containing imaging agents 
and could identify which fraction schemes, or combination of therapies might be useful for 
individual patients.4951  
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Chapter 8 Summary and General Discussion 
Beside initial staging and surveillance, 8F-FDG PET can be used in HNSCC for the evaluation 
of tumor response, for the unknown primary tumor, and for planning radiotherapy by defining 
a metabolic tumor volume. Continued development of new tracers, improved resolution of 
subsequent scanners, and fusion of images may enhance 18F-FDG PET scanning as a clinical 
diagnostic entity. 
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Chapter 9 Samenvatting 
Plaveiselcelcarcinomen van het hoofdhalsgebied (HHPCC) groeien lokaal invasief en kunnen 
lymfogeen en hematogeen metastaseren. De behandeling van HHPCC hangt af van het klinische 
stadium van de tumor. Effectieve en accurate stadiëring van HHPCC is daarom een essentiële 
voorwaarde voor de planning van de behandeling en het bepalen van de prognose. Hoewel 
voor het bepalen van de klinische TNM-classificatie anatomische beeldvormende technieken, 
zoals CT 
 en MRI, de eerste keuze zijn, blijft er nog ruimte voor het verbeteren van de tumor-
detectie. Positron Emissie Tomografie (PET) kan met behulp van de tracer 2- deoxy- 2- [18 F] 
fluoro- D- glucose (18 F-FDG) gebruikt worden als beeldvormende techniek voor de stadiëring 
van HHPCC. Vanwege de relatief hoge sensitiviteit en specificiteit is de rol van 8F-FDG PET als 
beeldvormende techniek voor plaveiselcelcarcinomen van mondholte en oropharynx (MOPCC) 
sterk toegenomen. Het doel van dit proefschrift is het bestuderen van de rol van PET in de 
initiële stadiëring (hoofdstuk 2-6) en de follow-up (hoofdstuk 7) van HHPCC, met name bij 
tumoren van mondholte en oropharynx. 
Initiële stadiëring 
In hoofdstuk 2 werden de inter- en intraobserver overeenstemming van 8F-FDG PET inter-
pretaties bij patiënten met MOPCC geëvalueerd. Consistentie van interpretaties van dezelfde 
beoordelaar op verschillende tijdstippen of tussen verschillende beoordelaars is een vereiste 
om van waarde te zijn als beeldvormende techniek. Inter- en intraobserver overeenstemming, 
uitgedrukt in proportionele overeenstemming en Cohen's kappa, werden berekend door de 
resultaten van 4 beoordelaars, 2 nucleair geneeskundigen en 2 nucleair geneeskundigen in 
opleiding, te vergelijken. Zij beoordeelden 80 18F-FDG PET scans tweemaal. In het algemeen 
was de intraobserver overeenstemming hoger dan de interobserver overeenstemming. Interob-
server overeenstemming van de nucleair geneeskundigen toonde een proportionele over-
eenstemming en Cohen's Kappa van respectievelijk 0.91 en 0.58 voor het detecteren van de 
primaire tumor, van 0.94 en 0.83 voor het detecteren van cervicale metastasen en van 0.85 en 
0.53 voor het detecteren van metastasen op afstand of tweede primaire tumoren. De invloed 
van de ervaring van de beoordelaar, van de tumorgrootte en van het lokaliseren van de tumor 
op de overeenstemming tussen observers, werd eveneens bepaald. De ervaring van de beoorde-
laar bleek weinig invloed te hebben op de mate van overeenstemming. De overeenstemming 
en de sensitiviteit namen toe met de grootte van de tumor. De overeenstemming was bij kleine 
metastasen echter ook hoog omdat deze kleine metastasen te klein waren om gedetecteerd te 
worden. De overeenstemming daalde wanneer om een preciezere lokalisatie van de tumor werd 
gevraagd. Uit deze studie kan worden geconcludeerd dat 18F-FDG PET scans betrouwbaar geïn-
terpreteerd kunnen worden met betrekking tot MOPCC, ook door minder ervaren beoordelaars. 
De waarde van FFDG PET voor het detecteren van kleine metastasen is beperkt. 
In hoofdstuk 3 werd de diagnostische waarde van 8F-FDG PET bepaald bij 38 patiënten met 
een MOPCC die klinisch als NO (d.w.z. geen lymfkliermetastasen) waren gestadiëerd. 18F-FDG 
PET werd vergeleken met de conventionele beeldvormende technieken 
 CT, MRI en echo van de 
hals met of zonder cytologische punctie. De behandeling van de klinische NO nek blijft een 
dilemma aangezien geen van de conventionele beeldvormende technieken in staat is om de 
aanwezigheid van kleine metastasen betrouwbaar aan te tonen bij de patiënt met een klinische  
NO stadiëring. Wanneer een expectatief beleid wordt gevoerd, zouden occulte metastasen 
aanwezig kunnen zijn die de overleving negatief beïnvloeden. Een electieve haLsklierdissectie 
kan worden verricht, echter de morbiditeit en kosten van deze behandeling zijn hoog en in 
de meerderheid van de aldus behandelde patiënten blijken na histologisch onderzoek van de 
haLsklierpreparaten geen metastasen aanwezig te zijn. Hoewel 8F-FDG PET in deze studie beter 
presteerde dan de conventionele beeldvormende technieken, bleek de sensitiviteit lager dan 
gewenst. 8F-FDG PET liet een sensitiviteit en specificiteit van respectievelijk 50% en 97% zien 
voor het detecteren van occulte halskliermetastasen. 8F-FDG PET lijkt het dilemma van de NO 
nek niet op te kunnen lossen. 
In hoofdstuk 4 werd de waarde van whole-body 18F-FDG PET bepaald voor het detecteren 
van metastasen op afstand en tweede primaire tumoren onder clavicula-niveau bij patiënten 
met HHPCC en vergeleken met X-thorax en CT-thorax. Ondanks succesvolle lokale behandeling 
van de tumor en negatieve follow-up, kunnen sommige patiënten behandeld voor een HHPCC 
metastasen op afstand en tweede primaire tumoren ontwikkelen. Het is helaas niet zelden dat 
dergelijke metastasen of tweede primaire tumoren al aanwezig waren ten tijde van de behan-
deling van het HHPCC, maar niet werden aangetoond door de destijds uitgevoerde diagnostiek. 
De reden van het niet detecteren zou kunnen zijn dat de maligniteit buiten het bereik van de 
beeldvormende techniek ligt of omdat de detectie van deze beeldvormende technieken niet 
goed genoeg is. Whole-body 18 F-FDG-PET heeft een relatief hoge sensitiviteit voor verschil-
lende soorten maligniteiten waar dan ook in het Lichaam en zou van waarde kunnen zijn om 
metastasen op afstand en tweede primaire tumoren te detecteren. Voor het detecteren van 
metastasen op afstand en tweede primaire tumoren toonde 8F-FDG PET (n=149) een sensitiv-
iteit van 92% en een specificiteit van 93%. CT-thorax (n=82) toonde een sensitiviteit van 74% en 
een specificiteit van 61% en X-thorax (n=106) een sensitiviteit van 41% en specificiteit van 91%. 
De hogere detectiegraad van lBFFDG 
 PET vergeleken met CT-thorax wordt vooral veroorzaakt 
door de detectie van extrapulmonaal gelegen tumoren. De sensitiviteit van 18E-EDG PET en 
CT
-thorax was wat betreft de intrapulmonaaL gelegen tumoren vergelijkbaar, de specificiteit 
van 18F-FDG PET was echter significant hoger. X-thorax liet een significant lagere sensitiviteit 
zien dan CT-thorax en 18F-FDG PET, wat deze techniek ongeschikt maakt voor de detectie van 
tweede primaire tumoren en metastases op afstand bij HHPCC patiënten. Deze studie laat zien 
dat 18E-EDG PET bijdraagt aan het duiden van longafwijkingen en een geschikt diagnosticum is 
voor het detecteren van metastasen op afstand en tweede primaire tumoren bij patiënten met 
HHPCC. 
In hoofdstuk 5 werd de diagnostische waarde van L-1-[11 C]-tyrosine PET ( 1 C-TYR PET) voor de 
detectie van halskliermetastasen vergeleken met 8F-FDG PET door beide radiopharmaca toe 
te passen bij 27 patiënten met MOPCC. Een nadeel van 18F-FDG PET is dat verhoogde 18 F-FDG 
opname niet specifiek is voor maligne weefsel, maar bijvoorbeeld ook voor ontsteking. Radioac-
tief geLabeLde aminozuren, zoals 11C-TYR, werden geïntroduceerd als alternatief omdat amino-
zuren in mindere mate worden opgenomen door ontstekingscellen. De techniek berust op het 
toegenomen eiwitmetabolisme en aminozuurtransport van maligne cellen, die met behulp van 
deze radioactief gelabelde aminozuren in beeld kunnen worden gebracht. Hoewel de speci-
ficiteit van11 C-TYR PET hoog was, was de sensitiviteit significant en onacceptabel lager dan 
die van 18 F-FDG PET, 33% versus 67%. 11C-TYR PET was niet geschikt voor het detecteren van 
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halskliermetastasen omdat hoge 1 C-TYR opname in speekselklieren de analyse van de PET 
beelden bemoeilijkte, vooral indien de metastasen vlakbij de speekselklieren waren geloka-
liseerd. De hoge 11C-TYR-opname in de speekselklieren zou verklaard kunnen worden door de 
incorporatie in secretoire eiwitten, die in de speekselklieren in grote hoeveelheden worden 
gesynthetiseerd. Door de opstapeling van 11C-TYR in speekselklieren, bleek 11C-TYR PET niet 
geschikt om 8F-FDG PET te vervangen in de stadiëring van MOPCC. Wanneeer deze conclusie 
geëxtrapoleerd wordt naar andere natuurlijke en kunstmatige aminozuren die opname in 
speekselklieren vertonen, lijkt ook voor deze gelabelde aminozuren geen rol weggelegd in de 
nodale stadiëring van MOPCC. 
In hoofdstuk 6 werd de diagnostische waarde van geïntegreerde whole body 18F-FDG PET! 
contrast-versterkte CT (PET/CVCT) voor de initiële stadiëring van 73 patiënten met MOPCC 
bepaald. Wanneer PET/CT gebruikt wordt voor de initiële stadiëring zijn er in principe twee 
opties. In de eerste optie beeldt de CT component de anatomische structuren in hoofd en hals 
weinig gedetailleerd af. Daarnaast zal een afzonderlijke volledig geoptimaliseerde 
 CT scan van 
het hoofd-halsgebied gemaakt moeten worden om kleine details te evalueren zoals ingroei in 
structuren en precieze uitbreiding van de laesie, welke nodig zijn voor het plannen van de 
chirurgische therapie. De tweede optie is dat PET! CVCT dit alles in één keer kan doen en 
een tweede diagnostische CT overbodig maakt. In deze studie liet 18F-FDG PET! CVCT voor de 
detectie van de primaire tumor een sensitiviteit van 96% zien en voor de detectie van halsklier-
metastasen een sensitiviteit van 89% en een specificiteit van 81%. In de subgroep van patiënten 
die klinisch geen aanwijzingen vertoonden voor halskliermetastasen (NO) (n=37), liet 18F-FDG 
PET! CVCT een sensitiviteit en specificiteit van respectievelijk 64% en 81% zien. Bij 5 van de 6 
patiënten met een tweede primaire tumor, werd deze door 18 F-FDG PET/CVCT gedetecteerd. De 
resultaten van deze studie laten zien dat het gebruik van een diagnostische 18F-FDG PET! CVCT 
als "one step examination" een betrouwbaar alternatief is voor 8F-FDG PET! 
 CT in combinatie 
met een aparte diagnostische CT voor de stadiëring van patiënten met MOPCC. De indicatie 
voor het behandelen van de klinische NO nek zou niet alleen op 18 F-FDG PET! CVCT resultaten 
gebaseerd moeten zijn in verband met het risico op het missen van kleine metastasen. 
Follow-up 
In hoofdstuk 7 werd de rol en timing van seriële 18 F-FDG PET scans als routine follow-up voor 
de detectie van vroege locoregionale recidieven, metastasen op afstand en tweede primaire 
tumoren geëvalueerd bij patiënten die behandeld waren voor MOPCC in een vergevorderd 
stadium. Recidieven van MOPCC zijn altijd levensbedreigend en Leiden voor de meerderheid van 
de patiënten tot voortijdig overlijden. Naast recidieven, blijven MOPCC patiënten een risico 
lopen op het ontwikkelen van tweede primaire tumoren. Vroegtijdige detectie van recidieven 
is van groot belang en er blijft behoefte om restadiëringsprocedures te verbeteren teneinde 
een therapeutische interventie meer succes te laten hebben. Voor anatomische beeldvormende 
technieken is het lastig om tumorrecidieven te onderscheiden van anatomische veranderingen 
die veroorzaakt zijn door de operatie of door radiotherapie. 18F-FDG PET daarentegen, als func-
tionele beeldvormende techniek, wordt niet beperkt door anatomische veranderingen na de 
behandeling. Achtenveertig patiënten met een MOPCC werden het eerste jaar na het voltooien 
van hun in opzet curatieve behandeling gevolgd. De prospectieve follow-up van de deelnemers 
was tweevoudig, standaard follow-up (anamnese en lichamelijk onderzoek) en seriële 18F-FDG  
PET scans op 3, 6, 9 en 12 maanden na de primaire behandeling. 18F-FDG PET was een significant 
sensitievere routine follow-up methode vergeleken met de standaard follow-up (p = 0.035). 
18E-FDG PET detecteerde alle maligniteiten voordat er een klinische verdenking bestond op 
basis van de standaard follow-up. Sensitiviteit en specificiteit van 18F-FDG PET waren beide 
onafhankelijk van de timing van 8F-FDG PET, hoewel de impact het grootst was voor de PET 
scans die 3 en 6 maanden na de behandeling waren gemaakt. Uit dit onderzoek volgt dat 
8F-FDG PET een bruikbaar follow-up instrument is voor patiënten behandeld voor een MOPCC 
omdat het maligniteiten kan detecteren voordat klinische verdenking bestaat op basis van de 
standaard follow-up. De beste timing voor een routine 8F-FDG PET onderzoek, lijkt tussen 3 en 
6 maanden na het beëindigen van de behandeling te zijn. 
Discussie 
In hoofdstuk 8 werden de conclusies uit de voorgaande hoofdstukken vergeleken en bedis-
cussieerd. 8F-FDG PET heeft nog geen vaste positie veroverd als diagnosticum bij patiënten 
met een MOPCC ondanks de goede diagnostische eigenschappen. 
De aanvullende diagnostische waarde van 1 F-FDG PET voor het detecteren van de primaire 
tumor is beperkt, aangezien deze primaire tumor over het algemeen al bekend is ten tijde van 
de beeldvorming. Daarnaast is 18F-FDG PET niet geschikt om specifieke tumoreigenschappen 
zoals perineurale groei en tumorinvasie goed in beeld te brengen. De rol van 8F-FDG PET in de 
initiële stadiëring van MOPCC Lijkt vooral gelegen in het detecteren van regionale- en afstands-
metastasen. In de klinische N+ hals is 8F-FDG PET van waarde in het hoger of lager stadiëren van 
de hals. Voor de klinische NO hals kan 8F-FDG PET van waarde zijn door de goede diagnostische 
eigenschappen met de hoge negatief voorspellende waarde. Dit proefschrift (hoofdstuk 2 en 3) 
en andere studies laten echter zien dat 18E-FDG PET tekort schiet in het detecteren van kleine 
halskliermetastasen waardoor het bevestigen van een NO hals door 18F-FDG PET niet valide is. 
Ondanks deze tekortkoming lijkt 8F-EDG PET mogelijk wel beter te presteren dan de conven-
tionele anatomische beeldvorming voor het beoordelen van de NO hals. De klinische relevantie 
hiervan zou nader onderzocht kunnen worden. Daarnaast is de combinatie van 18 F-FDG PET met 
CT of MRI veelbelovend aangezien dit de sensitiviteit lijkt te verhogen (hoofdstuk 6). 
Uit dit proefschrift en de literatuur lijkt het grootste voordeel van 18E-EDG PET in de initiële 
stadiering gelegen te zijn in het detecteren van metastasen en tweede primaire tumoren op 
afstand vanwege de hoge sensitiviteit en de grote impact van een positieve uitslag op de behan-
deling en prognose van de patiënt. Aangezien de kans op afstandsmetastasen gerelateerd is aan 
het tumorstadium, lijkt er in ieder geval een indicatie te bestaan voor 18 F-FDG PET bij patiënten 
met een vergevorderd MOPCC. Over de kwestie of er een indicatie voor lBFFDG  PET bestaat bij 
patiënten met een klinisch laag gestadieerd MOPCC zijn de boeken nog niet gesloten. 
Nadelen van PET zijn onder andere de beperkte weergave van anatomische details en een lage 
spatiële resolutie. Daarnaast is 18F-FDG niet specifiek voor maligne cellen waardoor verhoogde 
8E-FDG-opname ook wordt gezien in bijvoorbeeld ontstekingsweefsels wat kan resulteren 
in vals positieve bevindingen. Tot nu toe, dit proefschrift meegenomen ( hoofdstuk 5), is er 
geen tracer gevonden die een hogere specificiteit laat zien dan 18F-FDG met een vergelijk-
bare sensitiviteit. De nadelen van 18 F-FDG PET kunnen door de combinatie PET/CT gedeeltelijk 
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worden opgeheven door een excellente anatomische weergave en resolutie gecombineerd met 
metabole beelden. Dit proefschrift (hoofdstuk 6) laat de voordelen van een PET/contrast-
versterkte CT zien bij patiënten met een MOPCC. 
Naast de waarde van 18F-FDG PET in de initiële stadiering zou 8F-FDG PET ook een rol kunnen 
spelen in de follow-up van patiënten. Uit dit proefschrift (hoofdstuk 7) is naar voren gekomen 
dat 18F-FDG PET 3 tot 6 maanden na de behandeling van patiënten met een vergevorderd MOPCC 
eerder dan de reguliere follow-up recidieven en tweede primaire tumoren kan opsporen. Deze 
vroegdetectie zou theoretisch kunnen leiden tot een betere overleving. In dit proefschrift kon 
39% van de patiënten met een recidief of tweede primaire tumor na detectie door 18 F-FDG PET 
alsnog in opzet curatieve therapie ondergaan. Dat in hoofdstuk 7 slechts de minderheid van de 
opgespoorde recidieven en tweede primaire tumoren alsnog curatief konden worden behandeld 
is niet verbazingwekkend, aangezien het ging om patiënten met vergevorderde MOPCC. Om de 
impact van 18F-FDG PET op de overleving te kunnen bestuderen is nader onderzoek nodig waarbij 
patiënten met een minder ver gevorderd MOPCC worden geïnciudeerd en waarbij tevens naar 
kosteneffectiviteit zal moeten worden gekeken. Er moet rekening worden gehouden met het 
risico op vals positieve bevindingen bij 18F-FDG PET in de follow-up. De kans op deze vals posi-
tieve resultaten kan verkleind worden door het gebruik van PET/CT in plaats van PET alleen. 
Welbeschouwd blijkt uit dit proefschrift dat 18F-FDG PET zinvol is voor de initiële stadiëring en 
de follow-up bij patiënten met een vergevorderd MOPCC. Daarbij Lijkt de combinatie PET/CT 
te prefereren boven PET alleen in het hoofdhalsgebied. Verdere ontwikkeling en onderzoek is 
nodig om de rol van PET(/CT) definitief vast te leggen voor patiënten met MOPCC.  
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Vol enthousiasme heb ik het Amsterdamse leven voor het Groningse geruild om een begin te 
maken met mijn studie tandheelkunde en dit onderzoek. Op gang komen, in gang blijven en een 
proefschrift afronden, gebeurt niet vanzelf. Vooral door de inzet van vele betrokkenen, heb 
ik dit met plezier kunnen meemaken. ik wil iedereen die heeft bijgedragen aan de totstand-
koming van dit proefschrift en in de eerste plaats alle patiënten die mee hebben gewerkt aan 
de in dit boekje beschreven studies heel hartelijk bedanken. 
Prof. dr. L.G.M. de Bont. Geachte professor, hierbij wil ik u bedanken voor het feit dat ik in 
Groningen mocht beginnen aan mijn opleiding tot kaakchirurg in combinatie met dit onderzoek. 
Ik ben u zeer erkentelijk voor het vertrouwen en de ruimte die ik heb gekregen om dit traject 
te mogen voltooien. 
Prof. dr. J.L.N. Roodenburg. Beste professor! De eerste indrukken van u en onze gesprekken 
maakten dat ik zeer zeker met dit onderzoek onder uw hoede wilde aanvangen. Wel rees soms 
mijn twijfel tijdens het onderzoek aangezien de voortschrijdende techniek in de medische 
wetenschap mij als onderzoeker af en toe leek in te halen. U heeft deze twijfel nooit (merk-
baar?) met mij gedeeld en bleef als zeer stabiele en positief drijvende kracht geloven in ons 
werk. En hoe kan het ook anders met zoveel ervaring: u had het bij het rechte eind! ik wil u 
hartelijk danken voor de afgelopen jaren waarin ik u nooit heb kunnen betrappen op het niet 
nakomen van een afspraak. 
Dr. J. Pruim. Beste Jan, dank voor je immer kritische en filosofische beschouwingen van mijn 
werk. Altijd kon ik terug vallen op jouw kennis en kunde. Je bent een begenadigd redenaar en 
wist deze kritische leerling vrijwel altijd te overtuigen van je gelijk. Ook heb je niet alleen 
bijgedragen aan de inhoud van dit proefschrift, maar heb je daarnaast vele uren werk gehad 
aan het beoordelen van vele PET-scans. 
Prof. dr. P.U. Dijkstra. Beste Pieter, gedurende dit onderzoek ben jij geëvolueerd van copro-
motor naar promotor! Gefeliciteerd! Je deur stond altijd open voor overleg, waarvoor dank. 
Naast het versterken van dit stukje wetenschap zorgde je met je fruithapjes voor de geestelijke 
en fysieke gezondheid van de promovendus. Het laatste appeltje voor de dorst! 
De leden van de beoordelingscommissie prof. dr. R.A.J.O. Dierckx, prof. dr. J.A. Langendijk 
en prof. dr. C. R. Leemans ben ik zeer erkentelijk voor het beoordelen van mijn proefschrift. 
 
Drs. G. van der Werff-Regelink. Beste Gerreke, jij hebt me geïntroduceerd in de wereld van 
PET. Twee kamertjes verderop stond de deur altijd open en werd ik wegwijs gemaakt in de 
PET-materie. Door jouw opzet is de behoefte aan vervolgonderzoek ontstaan en daarmee dit 
proefschrift. Hartelijk dank! 
Ik dank prof. dr. B.F.A.M. van der Laan voor de goede samenwerking en de wetenschappelijke 
en klinische ondersteuning. Daarnaast wil ik alle leden van de werkgroep Hoofd-Halsoncologie 
van het UMCG en MCL bedanken voor de bereidheid mee te werken aan het onderzoek en de 
goede klinische zorg. 
Dr. J.G.A.M. de Visscher. Beste Jan, door de samenwerking met het MCL kon de inclusie van 
patiënten voor de FOOCAP-studie worden vlotgetrokken. Tijdens mijn eerste klinische halfjaar 
in het MCL voelde ik me vanaf dag één opgenomen in jullie goedlopende team, waarvoor veel 
dank. Je professionele enthousiasme is erg aanstekelijk en ik hoop nog veel van je te kunnen 
leren!  
Drs. 
 H. Balink. Beste Hans, niet alleen op professioneel vlak, maar ook persoonlijk was de 
samenwerking ronduit leuk en gezellig. Thuissituaties waarover je smakelijk kan vertellen, zijn 
erg geestig en herkenbaar. Heerlijk dat deze chaos ook jou niet bespaard blijft, gedeelde smart 
maakt de overuren als jonge vader veel draaglijker, dank! 
Dr. A.H. Brouwers. Beste Adrienne, je had de belangrijke taak af en toe als scheidsrechter op te 
treden bij de FOOCAP-studie als er geen consensus werd bereikt tussen de PET-beoordelaars. 
Daarnaast heb je vele PET-scans beoordeeld in het kader van het onderzoek. Hartelijk dank 
voor de plezierige samenwerking. 
Dr. J. Hoving. Beste Jelte, dank voor de mogelijkheid tot het doen van onderzoek op de afdeling 
nucleaire geneeskunde van het MCL. 
Dr. J.E. van der Wal. Beste Jacqueline, dank voor de extra moeite die je in het kader van dit 
onderzoek hebt gedaan voor het beoordelen van de histologische preparaten. Mijn nog niet 
eerder genoemde mede-auteurs, drs. Asbjørn M. Scholtens, dr. T.T. Ha 
 Phan, drs. Ati Agool, drs. 
Joost P. Gravendeel, drs. Lars A. Rödiger en drs. Johan Dol , wil ik hartelijk bedanken voor hun 
waardevolle bijdrage aan de verschillende artikelen. 
Prof. dr. A. Vissink. Beste Arjan, een onderzoeker ben je niet vanaf de start van je promotie 
traject. ik kon altijd bij je aankloppen voor een goed advies. Met jouw heldere en analytische 
blik heb je meerdere artikelen van een zeer waardevol commentaar voorzien, waarvoor heel 
hartelijk dank. 
Prof. dr. B. Stegenga. Beste Boudewijn, op de luttele momenten dat ik mijn wetenschap-
pelijke carrière aan de wilgen wilde hangen, wist je me steevast per ongeluk op te bellen 
of langs te komen. Je liet me dan op humorvolle wijze onmiddellijk de relativiteit van mijn 
beperkte onderzoeksellende inzien, zodat ik weer rustig verder kon. Hartelijk bedankt voor 
deze menselijke touch in een soms wat stoffige omgeving. 
Beste Arja Hoekman en Erna van der Wijk, vele patiënten moesten worden ingepland voor 
het ondergaan van een PET-onderzoek. Met veel creativiteit en op humoristische wijze werd 
dit uiteindelijk altijd volbracht door jullie, waarvoor hartelijk dank. Ook de medisch nucleair 
werkers, in het bijzonder Yvonne, Johan en Remco, wil ik hartelijk bedanken voor hun inzet. 
De "onco-dames" van de poli kaakchirurgie UMCG Cornet, Esther, Jenny, Linda, Sylvia en Wadia 
hebben gezorgd dat de inclusie van de patiënten ook daadwerkelijk kon plaatsvinden, in Leeu-
warden werd dit met veel aandacht door Klaske, Wilma en Uulkje verzorgd. Kortom, zonder 
jullie was dit alles niet mogelijk geweest, waarvoor mijn grote dank! 
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Dr. J. Pruim. Beste Jan, dank voor je immer kritische en filosofische beschouwingen van mijn 
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Ik dank prof. dr. B.F.A.M. van der Laan voor de goede samenwerking en de wetenschappelijke 
en klinische ondersteuning. Daarnaast wil ik alle leden van de werkgroep Hoofd-Halsoncologie 
van het UMCG en MCL bedanken voor de bereidheid mee te werken aan het onderzoek en de 
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Alle (oud-)onderzoekers en de (oud-)arts-assistenten kaakchirurgie wil Ik hartelijk bedanken 
voor de interesse, collegialiteit, de gezelligheid, koffiepauzes en de vrijdagmiddagborreLs. 
Nienke Jaeger, Lisa Kempers, Karin Wolthuis en Harrie de Jonge, graag wil ik jullie bedanken 
voor de secretariële en digitale ondersteuning op de 3e verdieping en natuurlijk ook niet te 
vergeten de gezelligheid! 
Beste Jolien, dank je voor de mooie vormgeving van dit boekje! Mede dankzij jou is het nu echt 
helemaal af! 
Dr. P.F.M. Gielkens. Beste Pepijn, onze vriendschap heeft de studie- en onderzoeksperikelen een 
stuk veraangenaamd! We zijn samen begonnen aan de studie tandheelkunde en onze onder-
zoekskamers grensden aan elkaar. Ook het opzetten van een curriculum voor de algemene 
ziekteleer voor mondhygiënisten was een leuke en leerzame periode waarbij ons onderwijs 
nog steeds wordt gecontinueerd. Je bent me al voor geweest en het is een hete eer dat je nu 
paranimf bij mij wilt zijn!  
Drs. B. van Eggermont. Beste Bas, paranimf, van allen hier genoemd ben jij diegene denk ik die 
mijn onderzoek het meest heeft doen vertragen. M000i! Hier ben ik je erg dankbaar voor! Ons 
klusproject in Warten is inmiddels een paleisje aan het worden. Het mooie van klusprojecten 
is dat ze nooit af zijn en dat we nog vele jaren voor de boeg hebben net als onze vriendschap! 
 
Drs. M.C. Vooys en prof. dr. E.C.W. Krabbe. Geliefde tante en oom, nadat Lara ter wereld was 
gekomen, zijn jullie wekelijks op gaan passen als opa en oma. In ons hectisch bestaan was 
en is dit tot op heden een van de vaste punten voor Lara en later ook Merijn. Bij het avond-
maal kunnen in alle rust (en chaos) alle ontwikkelingen van elk familielid uitvoerig worden 
besproken. ik wil jullie hartelijk bedanken voor de Liefdevolle steun in ons gezin! 
Lieve moeder, sinds we in Groningen wonen ben je moeder en oma die altijd liefdevol kan en wil 
inspringen in ons gezin wanneer dat nodig is. Deze uitvalbasis voor ons maakt dat we periodes 
van hectiek met veel meer gemak en plezier kunnen doorstaan. Vooral de onvoorwaardelijke 
liefde die je uitstraalt naar mij en ons gezin maakt dat ik me geen betere moeder kan wensen. 
Lieve Lara en Merijn, jullie zijn mijn zonnetjes! 
Tot slot, Lieve Irene, de laatste woorden in dit proefschrift draag ik met liefde aan je op. 
Allereerst wil ik natuurlijk je ouders bedanken voor het feit dat er zo'n prachtvrouw bestaat. 
Twee woorden volstaan: liefde en trots! Vele uren werk, inmiddels plastisch chirurg met liefde 
voor je vak maar bovenal voor ons gezin! ik ben blij dat niet zozeer ons gezinsleven lijdt onder 
onze werkzaamheden, maar dat dit proefschrift en onze werkzaamheden misschien iets hebben 
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